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Description 

Technical Field 

s [0001] The present invention relates to a retardation film having a smaller retardation value at a shorter wavelength 
at a measuring wavelength of 400-700 nm, that is used in optical elements of liquid crystal display devices, anti-glare 
films, optical recording devices and the like, and to circular polarizing plates, elliptical polarizing plates, liquid crystal 
display devices and other optical devices. 

10 Background Art 

[0002] Retardation films are used in STN (Super Twisted Nematic) systems of liquid crystal display devices and the 
like, and they are employed to solve such problems as color compensation and to achieve viewing angle widening. 
The materials generally used in retardation films for color compensation are polycarbonates, polyvinyl alcohol, polysul- 

15 fone, polyethersulfone, amorphous polyolefins and the like, while the materials used in retardation films for viewing 
angle widening are those mentioned above, as well as polymer liquid crystals, discotic liquid crystals, and the like. 
[0003] A quarter-wave plate, which is one type of retardation film, can convert circularly polarized light to linearly 
polarized light, or linearly polarized light to circularly polarized light. This has been utilized in liquid crystal display 
devices and, particularly, in reflective liquid crystal display devices having a single polarizing piate where the rear 

20 electrode, as viewed by an observer, is the reflecting electrode, in anti reflection films comprising a combination of a 
polarizing plate and a quarter-wave plate, or in combination with reflective polarizing plates composed of cholesteric 
liquid crystals or the like that reflect only circularly polarized light only in either the clockwise direction or counter- 
clockwise direction. 

[0004] The retardation films used in the aforementioned single polarizing plate-type reflective liquid crystal display 

25 devices and reflective polarizing plates must have a function of converting linearly polarized light to circularly polarized 
light and circularly polarized light to linearly polarized light, in the visible light region with a measuring wavelength of 
400-700 nm, and preferably 400-780 nm. When this is accomplished with a single retardation film, the retardation film 
ideally has a retardation of X/4 (nm) at a measuring wavelength X of 400-700 nm, and preferably 400-780 nm. 
[0005] Although the aforementioned color compensating retardation film materials are commonly used as quarter- 

30 wave plates, these materials exhibit birefringent wavelength dispersion. The birefringence of most polymer films be- 
comes larger as the measuring wavelength becomes shorter, and becomes smaller at longer wavelengths. Conse- 
quently, with a single polymer film it has been difficult to achieve a smalier birefringence at shorter measuring wave- 
lengths at a measuring wavelength X of 400-700 nm, such as with the aforementioned ideal quarter-wave plate. 
[0006] In order to achieve asmaller birefringence with shorter measuring wavelengths as with an idea! quarter-wave 

35 plate, Japanese Unexamined Patent Publication HEI No. 10-68816 has disclosed a technique of using a quarter-wave 
plate and a half-wave plate attached together at an appropriate angle, and Japanese Unexamined Patent Publication 
HEI No. 2-285304 has disclosed a technique whereby two retardation films with different Abbe numbers are laminated. 
[0007] Current techniques require the use of two films in order to achieve a film with asmaller retardation with shorter 
measuring wavelengths as with ideal quarter-wave plates, and this has presented problems such as additional steps 

40 for film attachment and increased costs as well as greater expense for the optical design. In Japanese Unexamined 
Patent Publication HEI No. 3-29921 there is disclosed a retardation film obtained by uniaxially stretching a film com- 
posed of a mixture or copolymer of at least two different organic polymers, wherein the first organic polymer of the two 
different organic polymers has a positive photoefastic constant and the second organic polymer has a negative pho- 
toelastic constant, so that the retardation film has a larger birefringence at shorter measuring wavelengths; however, 

*5 no reference is made to a method of reducing the birefringence at shorter measuring wavelengths. The present inven- 
tion solves this problem by allowing realization of a retardation film with a smaller retardation, at shorter measuring 
wavelengths, using a single film. 

[0008] JP-A-07-2871 1 B discloses a polycarbonate film containing >1 mol% of a repeating unit and having a ratio of 
phase difference Re(450)/Re(550) > 1.080, wherein Re(450) is the phase difference at 450nm wavelength and Re 
so (550) is the phase difference at 550nm wavelength. Polycarbonate film containing <1 mol% repeating unit is also 
disclosed having a ratio Re(450)/Ro(550) smaller than 1 .080. 

[0009] JP-A-7-52270 discloses an optical film comprising a polycarbonate (co)polymer with excellent heat resistance 
and film-forming properties. Example 10 of JP-A-52270 discloses aspecific film which forms the basis forthe disclaimer 

55 

Summary of the Invention 

[0010] The present inventors have diligently researched polymer materials for retardation films with the aim of solving 
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the aforementioned problem, and have succeeded in providing a retardation film comprised of a single oriented polymer 
film, characterized in that the retardation at wavelengths of 450 nm and 550 nm satisfies the following formulae (1) 
and/or (2): 

R(450)/R(550) < 1 (1) 



K(450)/K(550) < 1 (2) 

where R(450) and R(550) represent the in-plane retardation of the oriented polymer film at wavelengths of 450 nm and 
55Q nm, respectively, and K(450) and K(550) are the values calculated by K = [n z - (n x + n y y2] x d (where n x , n y and 
n z represent the three-dimensional refractive indexes of the oriented polymer film as the refractive indexes in the 
direction of the x-axis, y-axis and z-axis, respectively, and d represents the thickness of the film) forthe oriented polymer 
film at a wavelength of 450 nm and 550 nm, respectively, and the water absorption is no greater than 1 %. 

[1] A retardation film comprising a single oriented polymer film, the retardation film being characterized in that the 
retardation at wavelengths of 450 nm and 550 nm satisfies the following formulae (1 ) and/or (2), and the water 
absorption is no greater than 1%. 

R(450)/R(550) < 1 (1) 



K(450)/K(550) < 1 (2) 

[where R(450) and R(550) represent the in-plane retardation of the oriented polymer film at wavelengths of 450 
nm and 550 nm, respectively, and K(450) and K(550) are the values calculated by K = [n 2 - (n x + n )/2] x d (where 
n x , n y and n 2 represent the three-dimensional refractive indexes of the oriented polymer film as the refractive 
indexes in the direction of the x-axis, y-axis and z-axis, respectively, and d represents the thickness of the film) 
forthe oriented polymer film at a wavelength of 450 nm and 550 nm, respectively.] 

[2] A retardation film according to [1], wherein the retardation at wavelengths of 450 nm, 550 nm and 650 nm 
satisfies the following formulae (3) and (4): 

0.6 < R(450)/R(550) < 0.97 (3) 



1 .01 < R(650)/R(55O) < 1 .4 (4) 

where R(650) represents the in-plane retardation of the oriented polymer film at a wavelength of 650 nm. 

[3] A retardation film according to [1] or [2], wherein the retardation is smaller with a shorter wavelength in the 

wavelength range of 400-700 nm. 

[4] A retardation film according to [1 ] to [3], which comprises an oriented polymer film wherein 

(1 ) the film is composed of a polymer comprising a monomer unit of a polymer with positive refractive index 
anisotropy (hereunder referred to as "first monomer unit") and a monomer unit of a polymer with negative 
refractive index anisotropy (hereunder referred to as "second monomer unit"), 

(2) R(450)/R(550) forthe polymer based on the first monomerunit is smallerthan R(45Q)/R(550) forthe polymer 
based on the second monomer unit, and 

(3) the film has positive refractive index anisotropy. 

[5] A retardation film according to [1] to [3], which comprises an oriented polymer film wherein 

(1 ) the film is composed of a polymer comprising a monomer unit that forms a polymer with positive refractive 
index anisotropy (hereunder referred to as "first monomer unit") and a monomer unit that forms a polymer with 
negative refractive index anisotropy (hereunder referred to as "second monomer unit"), 

(2) R(450)/R(55O) forthe polymer based on the first monomer unit is largerthan R(450)/R(550) forthe polymer 
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based on the second monomer unit, and 

(3) the film has negative refractive index anisotropy. 

[6] A retardation film according to [1] to [5], wherein ihe oriented polymer film is a thermoplastic resin with a glass 
transition temperature of 120°C or higher. 

[7] A retardation film according to [1] to [6], wherein the oriented polymer film contains a polycarbonate with a 
fluorene skeleton. 

[8] A retardation film according to [1] to [7], which is an oriented polymer film comprising copolymer and/or blend 
of polycarbonates in which 30-90 mole percent of the total consists of a repeating unit represented by thefoliowing 
general formula (I); 



Ri R* R s R* 




R 3 R< it, R 9 



where R^Rg are each independently selected from among hydrogen, halogen atoms and hydrocarbon groups of 
1-6 carbon atoms, and X is 




and 70-1 0 mole percent of the total consists of a repeating unit represented by the following general formula (II): 



R ? R i s R i 3 R i ^ 




(II) 



where R 9 -R 1S are each independently selected from among hydrogen, halogen atoms and hydrocarbon groups 
of 1 -22 carbon atoms, and Y is 
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R i , Ar 

I I 

-C— — C — 
Ar . Ar s 




CH 3 



H 5 C 



II 

0 



- o~ c- 

0 



R*. 

I 

— Si- 



or-R 23 -, 

where in Y, R17-R19, R 2 i and R 22 are each independently selected from among hydrogen, halogen atoms and 
hydrocarbon groups of 1-22 carbon atoms, R 20 and R 23 are selected from among hydrocarbon groups of 1-20 
carbon atoms, and Aris selected from among aryl groups of 6-10 carbon atoms. 

[9] A retardation fiim according to [8], which is an oriented polymer film comprising copolymer and/or blend of 
polycarbonates in which 35-85 mole percent of the total consists of a repeating unit represented by the following 
general formula (Mi): 
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refractive index anisotropy is poly(2,6-dimethyl-1 ,4-phertyleneoxicie) and the polymerwith negative refractive index 
anisotropy is polystyrene, wherein the polystyrene content is from 67 wt% to 75 wt%. 

[11] A retardation film according to [1] to [1 0], wherein the b* value representing the object color is 1 .3 or smaller. 

[12] A retardation film according to [1] to [11], which is a 1/4 piate. 

[13] A retardation film according to [1] to [11 ], which is a 112 plate. 

[14] A retardation film according to [1 2] or [13], wherein R(550) > 90 nm. 

[15] A laminated retardation film prepared by laminating a 1/4 piate and a 112 plate, wherein both the A/4 plate and 
A/2 plate are a retardation film according to [1] to [14], 

[16] A laminated retardation film according to [15], wherein the angSe formed between the optical axes of the A/4 
plate and A/2 plate is in the range of 5G°-70°. 

[1 7] Acircular polarizing plate or elliptical polarizing plate prepared by laminating a polarizing plate with a retardation 
film according to [1] to [1 6]. 

[1 8] A circular polarizing plate or elliptical polarizing piate prepared by laminating a reflective polarizing plate with 
a retardation film according to [1] to [1 6]. 

[1 9] Acircular polarizing plate or elliptical polarizing plate prepared by laminating a polarizing plate with a retardation 
film according to [1] to [16] and a reflective polarizing plate. 

[20] Acircular polarizing plate or elliptical polarizing plate according to [18] or [19], wherein the reflective polarizing 
plate has a function of reflecting only circularly polarized light rotated in one direction. 

[21] A circular polarizing plate or elliptical polarizing plate according to [20], wherein the reflective polarizing plate 
is composed of a cholesteric liquid crystal polymer. 

[22] A liquid crystal display device provided with a retardation film according to [1] to [21]. 
[23] A liquid crystal display device according to [22], which is a reflective liquid crystal display device. 
[24] A liquid crystal display device according to [22] or [23], wherein the retardation film is a viewing angle com- 
pensating plate. 

[25] A retardation film which is a retardation film comprised of a single polycarbonate oriented film, wherein the 
retardation at wavelengths of 450 nm and 550 nm satisfies the following formula (1): 

R(450)/R(550) < 1 (1) 

where R(450) and R{550) represent the in-plane retardation of the oriented polymer film at wavelengths of 460 
nm and 550 nm, respectively, 
and R(550) is at least 50 nm. 

[26] A reflective liquid crystal display device provided with a polarizing plate, a 1/4 piate and a liquid crystal cell 
containing a liquid crystal layer between two substrates with transparent electrodes in that order, the reflective 
liquid crystal display device employing as the 1/4 plate a retardation film comprising a single oriented polycarbonate 
film, wherein the retardation at wavelengths of 450 nm and 550 nm satisfies the following formula (1 ): 

R(450)/R(550) < 1 (1) 

where R(450) and R(550) represent the in-plane retardation of the oriented polymer film at wavelengths of 450 
nm and 550 nm, respectively, 
and R(550)is 100-180 nm. 

Brief Description of the Drawings 

[0011] 

Figs. 1 to 4 are graphs showing the relationship between the wavelength dispersion of birefringence of a two- 
component blended polymer and the type and blend ratio of the polymer. 

Fig. 5 is a graph showing simulation results for coloration of a laminated retardation film that does not satisfy the 
conditions of the present invention. 

Fig. 6 isa graph showing the colorations forthe laminated retardation films of Examples 1 6 and 1 7and Comparative 
Examples 16 and 17. 

Figs. 7 to 10 show examples of laminated retardation films, where Fig. 7 is a combination of a 114 plate 3 and a 
1/2 plate 1 , Fig. 8 is a combination of a 114 plate, a A/2 plate and a polarizing plate 4, Fig. 9 is a combination of a 
114 plate and a polarizing plate, and Fig. 1 0 is a combination of a polarizing plate 4, a 114 plate 3 and a cholesteric 
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liquid crystal layer 5. Fig. 10 corresponds to Example 17. 

Figs. 11 to 13 show examples of liquid crystal display devices, where Fig. 11 has the construction: polarizing plate 
AlfkJA plate 3//giass plate 6//liquid crystal layer 8//glass plate 6/A/4 plate 3//polarizing plate 4//backlight system 
1 0; Fig. 12 has the construction: polarizing plate 4/A/4 plate 3//glass plate 6/Aransparent electrode 7//liquid crystal 
s layer 3//concavoconvex reflective electrode 9//glass plate 6; and Fig. 13 has the construction: polarizing plate All 

X/4 plate 3//light diffusing plate 11//glass substrate 6//transparent electrode 7//liquid crystal layer 8//specular re- 
flective electrode 12//glass electrode 6. Fig. 1 2 corresponds to Example 13. 

Fig. 14 is a graph showing the relationship between wavelength and the retardation of the retardation film of Ex- 
ample 1 . 

to Figs. 1 5 and 1 6 are graphs showing the relationship between birefringent wavelength dispersion coefficient of the 

retardation film of Example 1 2 and the volume fraction of the polymer components. 

Detailed Description of the invention 

15 [0012] The present invention, as a result of efforts to obtain an ideal A/4 plate and 1/2 plate for a single oriented 
polymer film that is independent of wavelength in the visible light wavelength region, successfully provides a single 
oriented polymer film with a retardation that is smaller at shorter wavelengths, thereby achieving the object described 
above while also providing a retardation film with properties not exhibited by the prior art. 

[0013] The aspect of a retardation that is smaller with shorter wavelengths may be represented from a practical 
20 standpoint by the formula R(450)/R(550) < 1 or K(450)/K(550) < 1 . For an extended wavelength range, R(650)/R{550) 
> 1 or K(650)/K(550) > 1 is preferred. More preferred ranges for the retardation dispersion and K value dispersion will 
be explained below. 

[0014] According to the invention, the retardation and K value of an oriented polymer film at wavelengths of 450, 
550 and 650 nm will be represented as R(450), R(550), R(650) and K(450), K(550), K(650), respectively. 

25 [0015] The retardation of an oriented polymer film is the difference in phase when light passes through a film of 
thickness d, based on the difference in the speeds of advance of light (refractive index) in the direction of orientation 
of the film and the direction normal thereto; it is known to be represented by An-d as the product of the difference in 
refractive indexes in the orientation direction and the direction normal thereto An and the film thickness d. 
[0016] The orientation of an oriented polymer film according to the invention indicates a state in which the polymer 

so molecule chains are aligned in primarily a given direction, and this state can be measured by measuring the retardation 
of the film (An-d); however, the orientation referred to here is one in which the retardation R(550) is at least 20 nm and/ 
or K{550) is at least 20 nm, at a measuring wavelength of 550 nm. The orientation is normally produced by stretching 
the film. 

[0017] Since the retardation An-d is proportional to the birefringence An for the same oriented polymer film, the 
35 wavelength dispersion (wavelength dependency) of the retardation can be represented by the wavelength dispersion 
(wavelength dependency) of the birefringence An. 

[0018] When the refractive index in the orientation direction in the plane of the oriented polymer film is larger than 
the refractive index in the direction normal thereto, the optical anisotropy is said to be positive, whereas in the opposite 
case the optical anisotropy is said to be negative. Here, the orientation direction of the oriented polymer film is the 
40 direction of drawing, when the film has been uniaxially drawn, for example, under conditions near the glass transition 
temperature Tg (Tg ±20°C), which are publicly known retardation film manufacturing conditions. In the case of biaxial 
drawing, it is the direction of drawing in which the orientation is higher. 

[0019] According to the invention, reference to the retardation will mean the absolute value of the retardation. In the 
case of negative optical anisotropy the retardation is negative, but for the purposes of the invention the positive or 
45 negative sign will be ignored unless otherwise specified. 

[0020] Also, the measuring optical wavelength used to judge the positive or negative optical anisotropy will be 550 nm. 
[0021] Accordingto the invention, ithas been discovered that a retardation film comprised of asingle oriented polymer 
film having a smaller retardation at shorter wavelengths can be obtained by an oriented polymer film satisfying the 
following conditions (A) or (B). 

so 

(A) An oriented polymer film wherein 

(1 ) the film is composed of a polymer comprising a monomer unit of a polymer with positive refractive index 
anisotropy (hereunder referred to as "first monomer unit") and a monomer unit of a polymer with negative 

55 refractive index anisotropy (hereunder referred to as "second monomer unit"), 

(2) R(450)/R(550)forthe polymer based on the firstmonomerunit is smallerthan R(450)/R(550) forthe polymer 
based on the second monomer unit, and 

(3) the film has positive refractive index anisotropy. 
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(B) An oriented polymer film wherein 

(1) the film is composed of a polymer comprising a monomer unit that forms a polymer with positive refractive 
index anisotropy (hereunder referred to as "first monomer unit") and a monomer unit that forms a polymerwith 
negative refractive index anisotropy (hereunder referred to as "second monomer unit"), 

(2) R(450)/R(550) forthe polymer based on the first monomer unit is largerthan R(450)/R(550) forthepolymer 
based on the second monomer unit, and 

(3) the film has negative refractive index anisotropy. 

Films satisfying thefollowing conditions (C)and(D) are examples of modes that satisfy the aforementioned 
conditions (A) and (B). 

(C) An oriented polymer film wherein 

(1 ) the film is composed of a blend polymer comprising a polymerwith positive refractive index anisotropy and 
a polymer with negative refractive index anisotropy and/or a copolymer comprising a monomer unit of a polymer 
with positive refractive index anisotropy and a monomer unit of a polymer with negative refractive index ani- 
sotropy, 

(2) R(450)/R(550) forthe polymerwith the positive refractive index anisotropy is smaller than R(450)/R(550) 
forthe polymerwith the negative refractive index anisotropy, and 

(3) the film has positive refractive index anisotropy. 

(D) An oriented polymer film wherein 

(1) the film is composed of a blend polymer comprising a polymerwith positive refractive index anisotropy and 
apolymerwith negative refractive index anisotropy and/or acopolymer comprising a monomer unit of a polymer 
with positive refractive index anisotropy and a monomer unit of a polymer with negative refractive index ani- 
sotropy, 

(2) R(450)/R(550) forthe polymerwith the positive refractive index anisotropy is largerthan R(450)/R(550) 
forthe polymerwith the negative refractive index anisotropy, and 

(3) the film has negative refractive index anisotropy. 

[0022] Here, a polymer with positive or negative refractive index anisotropy is a polymer that gives an oriented pol- 
ymer film with positive or negative refractive index anisotropy. 

[0023] The following explanation concerns the reasons for which the above retardation film is a necessary condition 
to have a smaller retardation with shorter measuring wavelengths. 

[0024] It is generally known that the birefringence An of a polymer blend comprising two components, polymer A and 
polymer B may be represented in thefollowing manner (H. Saito andT. Inoue, J. Pol. Sci. Part B, 25, 1629 (1987)) 

An = An° A f A (|> A + An° B f B c|> B + An F (a) 

[0025] Here, An° A is the intrinsic birefringence of polymer A, An° B is the intrinsic birefringence of polymer B, f A is the 
orientation function of polymer A, f B is the orientation function of polymer B, (|> A is the volume fraction of polymer A, <|> B 
is the volume fraction of polymer B (= 1 - <t> A ), and An F is the structural birefringence. The birefringence An is generally 
represented by An = fAn°, Also, An 0 may be determined by combining dichromatic infrared spectroscopy with retardation 
measurement and the others. 

[0026] Formula (a) completely ignores changes in the poSarizability due to electron interaction between polymers A 
and B, and this assumption is also used hereunder. Also, since optical transparency is a requirement for uses of 
retardation films such as for the present invention, the blend is preferably a compatible blend, in which case An F is 
sufficiently small that it may be ignored. 

[0027] As concerns a retardation film with a smaller birefringence at shorter measuring wavelengths, the only meas- 
uring wavelengths considered here are 450 and 550 nm. Designating the birefringence of the retardation film at these 
wavelengths as An(450) and An(550), respectively, this is represented as An(450)/An(550) <. 1 . For a retardation film 
comprising a conventional polymer film, this is of course An(450)/An(550) > 1 , and for example, An(450)/An(550) is 
about 1 .08 for a polycarbonate obtained by polymerization of bisphenol A and phosgene; it is about 1 .01 even for 
polyvinyl alcohol which is said to have a low wavelength dispersion of birefringence. 

[0028] if An(450)/An(550) is defined as the birefringence wavelength dispersion coefficient, it may be represented 



EP 1 045 261 B1 



as follows from formula (a). 

An(450) / An(550) 
= (An° A (450) f A + A + An° B (450) frf B )/ 
(An° A (550) f A ^ A + An° B (550) f B <|> B ) (b) 
[0029] Here, f A = f B is assumed because of a compatible blend, and therefore formula (b) below may be derived. 

An(450)/An(550) 
= (An° A (450) + A + An° B {450) <J> B )/ 
(An° A (550) <|> A + An° B (550) «)> B ) (c) 

[0030] The theoretical values listed in Table 1 were then used in formula (c) to determine the birefringence wavelength 
dispersion values, in Table 1 , the birefringence dispersion values for polymers A and B alone were listed in place of 
An° A (450) andAn° B (450). 



Table 1 



Case 


An° A (550) 


An° B (550) 


An0 A (450)/An° A (550) 


An° B (450)/An° B (550) 


1 


0.2 


-0.1 


1.01 


1,15 


2 


0.2 


-0.1 


1.15 


1.01 


3 


0.1 


-0.2 


1.01 


1.15 


4 


0.1 


-0.2 


1.15 


1.01 



[0031] When the values in Table 1 are inserted into formula (c), the graphs of Figs. 1-4 are obtained on the function 
of <(>A. Since polymer A is the polymer with positive refractive index anisotropy and polymer B is the negative one in 
Table 1 , the optical anisotropy of the blend polymer is negative in the region with lower <^A than the asymptotote in 
Figs. 1 -4, while the anisotropy is positive in the region with higher $B than the asymptotic curve. 
[0032] As clearly seen in Figs. 1-4, in order to satisfy An(450)/An(550) < 1 , it is necessary for the birefringence 
wavelength dispersion coefficient of the positive polymer to be smaller than that of the negative one and the optical 
anisotropy of the oriented polymer film to be positive, as in cases 1 and 3 ofTable 1 , orforthe birefringence wavelength 
dispersion coefficient of the polymer alone to be larger than that of the negative one and the optical anisotropy of the 
oriented polymer film to be negative, as in cases 2 and 4. Here, 450 and 550 nm were used as the representative 
wavelengths, but the same applies even when other wavelengths are used. 

[0033] In consideration of formula (c), when the positive and negative polymer birefringence waveiength dispersion 

coefficients are exactly equal, a retardation film according to the invention cannot be obtained. 

[0034] This consideration is based on formula (a), but since this idea is very well supported in actual systems such 

as in the examples described hereunder, the examples also substantiate the correctness of this idea. 

[0035] While this consideration was explained for two components, the same idea applies even for three or more 

components. For example, in a system with two components having positive optical anisotropy and one component 

having negative anisotropy, the birefringence value and birefringence dispersion value of the component with positive 

optical anisotropy is compensated for by the volume fraction and the others between the two components with positive 

anisotropy, and the two components may be considered as one component when applying the idea described in the 

portion of the above formula (a) onward. 

[0036] The explanation based on formula (a) concerned a blend of polymers A and B, but the same idea may be 
applied even to copolymers containing monomer units of different polymers, and the above-mentioned idea may be 
applied by considering it to comprise a homopolymer based on a first monomer unit (polymer A) and a homopolymer 
based on a second monomer unit different from the first monomer unit (polymer B). 

[0037] The same idea may also be applied even to polymer blends of homopolymers and copolymers or polymer 
blends of two copolymers. That is, in such cases the idea may be applied by dividing the component polymers of the 
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polymer blend into their constituent monomer units, considering the polymer blend as an aggregate of homopolymers 
made of respective monomer units, and considering this aggregate as a combination of polymer A comprising a group 
of homopolymers with positive optical anisotropy and polymer B comprising a group of homopolymers with negative 
anisotropy. 

[0038] For example, for a blend of polymers X and Y having positive optical anisotropy and a copolymer of monomer 
units x, z having negative optical anisotropy, if x has positive optical anisotropy and z has negative optical anisotropy, 
the fact that the components having positive optical anisotropy are X, Y and x may be considered and their birefringence 
values and birefringence dispersion values compensated for by the volume fractions and the others between the three 
positive anisotropy components, where the three components are considered as one component A, while the compo- 
nent with negative anisotropy is considered as poiyrner B comprising monomer unit z, and the idea describe in the 
portion of the formula (a) onward may be applied for component A and component B. 

[0039] For a homopolymer based on the first or second monomer unit, when the homopolymer is a polycarbonate, 
since polycarbonates are usually obtained by polycondensation of a dihydroxy compound and phosgene, from the 
standpoint of polymerization the monomers are the bisphenol dihydroxy compound and phosgene. In the case of such 
a polycarbonate, the monomer unit is said to be the portion derived from the bisphenol, and does not include the portion 
derived from the phosgene. 

[0040] The birefringence An is preferably larger with longer wavelengths in the measuring wavelength region, and 
more specifically, it preferably satisfies the following formulae (d) and (e). 

0.60 < R(450)/R(550) < 0.97 (d) 

and 



1 .01 < R(650)/R(550) < 1 ,35 (e) 

Outside of these ranges, if the film is used as a A/4 plate, for example, a problem occurs in that linearly polarized light 
at 400-700 nm incident to the film takes a polarized state that is completely circularly polarized at certain wavelengths, 
while notably shifting from circular polarization at other wavelengths. More preferred, therefore, are the ranges: 

0.60 < R(450)/R(550) < 0.95 (d') 

and 



1 .05 < R(650)/R(550) < 1 .35 (e') 

[0041] The above is a development of the theory based on the retardation And or birefringence An, but the same 
theory can be developed based on the K value of the three-dimensional refractive indexes (K = [n z - (n x + n y )/2] x d). 
When this K value is such that K(450)/K(550) < 1, the wavelength dispersion is smaller with shorter wavelengths, 
similar to the retardation (birefringence) for fight from an inclined direction that is not normal to the surface of the 
oriented polymer film. 

[0042] The preferred ranges forthe K value are those obtained by substituting Kfor R in the above formulae (d) and 
(*)■ 

[0043] The retardation film of the invention may consist of a blend polymer or a copolymer, such as explained above. 
[0044] The polymer material composing the retardation film of the invention is not particularly limited and may be 
any blend or copolymer that satisfies the aforementioned conditions, although preferred are materials with excellent 
heat resistance, satisfactory optical performance and suitability to solution film formation, with thermoplastic polymers 
being especially preferred. For example, one or more.lypes.may.be appropriately selected from among polyacrylates, 
polyesters, polycarbonates, polyolefins, polyethers, polysulfin-based copolymers, polysulfone, polyethersulfone and 
the like. However, since problems may arise in the practicality of the retardation film if the water absorption of the 
oriented polymer film is greater than 1 wt%, it is important to select a film material satisfying the condition of a film 
water absorption of no greater than 1 wt%, and preferably no greater than 0.5 wt%. 

[0045] A blend polymer must be optically transparent, and therefore it is preferably a compatible blend or one that 
has roughly equal refractive indexes for each polymer. As suitable examples of specific combinations of blend polymers 
there may be mentioned combinations of polyfmethyl methacrylate) with polymers having positive optical anisotropy 



11 



EP 1 045 261 B1 



such as poly(vinylidene fluoride), polyethylene oxide) and poiy(vinylidenefluoride-co-trifluoroethylene), combinations 
of polymers having positive optical anisotropy such as poly(phenylene oxide) with polymers having negative optical 
anisotropy such as polystyrene, poly(siyrene-co-lauroyl maieimide), poly(styrene-co-cyclohexyS maleimide) and poly 
(styrene-co-phenyl maleimide), acombination of poly(styrene-co-maleic anhydride) having negative optica! anisotropy 
with polycarbonate having positive optical anisotropy, and a combination of poly(acrylonitrile-co-butadiene) having 
positive optical anisotropy with poly(acrylonitrile-co-styrene) having negative optical anisotropy; however, there is no 
limitation to these. From the standpoint of transparency, a combination of polystyrene with poly(phenylene oxide) such 
as poly(2,6-dimethyl-1 ,4-phenylene oxide) is particularly preferred. For such combinations, the proportion of the pol- 
ystyrene preferably constitutes from 87 wt% to 75 wt% of the whole. 

[0046] Examples of copolymers that may be used include poly(butadiene-co-poiystyrene), poly(ethylene-co-po!ysty- 
rene), poly(acrylonitrile-co-butadiene), poly(acrylonitrile-co-butadiene-co-styrene), polycarbonate copolymers, polyes- 
ter copolymers, polyester carbonate copolymers and polyallylate copolymers. Polycarbonate copolymers, polyester 
copolymers, polyester carbonate copolymers, polyallylate copolymers and the like that have fluorene skeletons are 
particularly preferred because the fluorene skeleton segments can provide negative optical anisotropy. 
[0047] Particularly preferred for use are polycarbonate copolymers produced by reaction of a bisphenol with phos- 
gene or a compound that forms a carbonic acid ester such as diphenyl carbonate, because of their excellent transpar- 
ency, heat resistance and productivity. Preferred polycarbonate copolymers are copolymers containing structures with 
fluorene skeletons. The component with the fluorene structure is preferably included at 1-99 mole percent. 
[0048] Suitable materials for the oriented polymer film of the retardation film of the invention are materials that give 
an oriented polymer film of a polycarbonate composed of a repeating unit represented by the following general formula 
(I): 



R i R* R 5 Rs 




R 3 R< Rt R. 



where R r R a are each independently selected from among hydrogen, halogen atoms and hydrocarbon groups of 1-6 
carbon atoms, and X is 




and a repeating unit represented by the following general formula (il): 



R 9 Rid R b 3 Rn 




(II) 



where R 9 -R 16 are each independently selected from among hydrogen, halogen atoms and hydrocarbon groups of 1-22 
carbon atoms, and Y is selected from among 
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Ri. 

I 

— c — 

CH S , R 19 , 



-C — 0— J? J0 — 0— C- 

I! II 

0 0 



and -R 23 -, 

where in Y, R 17 -R 19 , R 2 i and R 23 are each indepsndently selected from among hydrogen, halogen atoms and hydro- 
carbon groups of 1 -22 carbon atoms, R 20 and are each independently selected from among hydrocarbon groups 
of 1-20 carbon atoms, and Ar is selected from among aryl groups of 6-10 cartoon atoms, 

such that the repeating unit represented by formula (I) constitutes 30-90 mole percent of the total polycarbonate and 
the repeating unit represented by formula (II) constitutes 70-1 0 mole percent of the whole. 

[0049] This material is a polycarbonate copolymer comprising a repeating unit with a fluorene skeleton represented 
by formula (I) above and a repeating unit represented byformula (II) above, or acomposition containing a polycarbonate 
comprising a repeating unit with a fluorene skeleton represented by formula (I) above and a polycarbonate comprising 
a repeating unit represented by formula (II) above (hereunder also referred to as "blend polymer"). In the case of a 
copolymer, two or more of each of the repeating units represented by formulas (I) and (II) may be combined, and in 
the case of a composition as well, two or more of the aforementioned repeating units may be used in combination. 
[0050] In formula (I), R-|-R s are each independently selected from among hydrogen, halogen atoms and hydrocarbon 
groups of 1 -6 carbon atoms. As hydrocarbon groups of 1 -6 carbon atoms there may be mentioned alkyi groups such 
as methyl, ethyl, isopropyl and cyclohexyl, and aryl groups such as pheny!. Of these, hydrogen and methyl are preferred. 
[0051] In formula (il), R 9 -R 16 are each independently selected from among hydrogen, halogen atoms and hydrocar- 
bon groups of 1 -22 carbon atoms. As hydrocarbon groups of 1 -22 carbon atoms there may be mentioned alkyi groups 
of 1-9 carbon atoms such as methyl, ethyl, isopropyl and cyclohexyl, and aryl groups such as phenyl, biphenyl and 
terphenyl. Of these, hydrogen and methyl are preferred. 

[0052] In Y of formula (II), R 17 -R lg , R^ and Rgg are each independently selected from among hydrogen, halogen 
atoms and hydrocarbon groups of 1-22 carbon atoms, which hydrocarbon groups may be the same as those mentioned 
above. R 20 and Rgg are selected from among hydrocarbon groups of 1-20 carbon atoms, which hydrocarbon groups 
may also be the same as those mentioned above. Ar is selected from among aryl groups of 6-10 carbon atoms such 
as pheny! and naphthyl. 

[0053] The content of formula (I), i.e. the copolymer composition in the case of a copolymer or the blend composition 
ratio in the case of a composition, is 30-90 mole percent of the total polycarbonate, Outside of this range, the absolute 
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value of the retardation will not be smaller with shorter wavelengths at measuring wavelengths of 400-700 nm. The 
content of formula (I) is preferably 35-85 mole percent, and more preferably 40-80 mole percent, of the total polycar- 
bonate. 

[0054] Here, the above molar ratio can be determined by, for example, nuclear magnetic resonance (NMR) with the 
totai bulk of the polycarbonate composing the oriented polymer film, regardless of the copolymer or blend polymer. 
[0055] The polycarbonate in the material is preferably a polycarbonate copolymer and/or polycarbonate composition 
(blend polymer) comprising a repeating unit represented by the following general formula (111): 




(III) 



where R 24 and R 25 are each independently selected from among hydrogen and methyl, 
and a repeating unit represented by the following general formula (IV): 




(IV) 



where R 26 and R 27 are each independently selected from among hydrogen and methyl, and Z is selected from among 




and 
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10 




[0056] For copolymers comprising the repeating units represented by the following formulae (V) to (IX), those with 
repeating unit (IX) in a proportion of 40-75 mole percent are preferred; for copolymers comprising repeating units 
is represented by the following formulae (VI) and (IX), those with (IX) in a proportion of 30-70 mole percent are preferred; 
for copolymers comprising repeating units represented by the following formulae (VII) and (IX), those with (IX) in a 
proportion of 30-70 mole percent are preferred; and for copolymers comprising repeating units represented by the 
following formulae (V) and (VII I), those with (VIII) in a proportion of 40-75 mole percent are preferred, 



35 



40 




15 
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(VIII) 



(IX} 



[0057] The most preferred materials are copolymers or polymer blends containing bisphenol A (BPA, corresponding 
to formula (V)) and biscresolfluorein (BCF, corresponding to formula (IX)), or their mixtures, and the ratio of their com- 
ponents is such for a BCF content of 55-75 mole percent, and preferably 55-70 mole percent. Such materials can give 
XIA plates or V2. plates closest to the ideal. 

[0058] The aforementioned copolymers and/or blend polymers can be produced by publicly known processes. For 
polycarbonates, polycondensation processes and molten polycondensation processes with dihydroxy compounds and 
phosgene may be suitably used. For blends, compatible blends are preferred but even if they are not totally compatible 
the refractive indexes of the components can be matched to reduce light scattering between the components and 
improve the transparency. 

[0059] The limiting viscosity of the material polymer of the oriented polymer film composing the retardation film of 
the invention is preferably 0.3-2.0 dl/g. A value below this range is a problem because the material becomes brittle 
and cannot maintain its mechanical strength, and a value above this range is also a problem because the solution 
viscosity increases excessively leading to die lines during formation of the solution film, or because purification after 
completion of polymerization becomes more difficult. 

[0060] The retardation film of the invention is preferably transparent, preferably with a haze value of no greater than 
3% and a total light transmittanee of 85% er greater. The glass transition temperature of the polymer film material is 
preferably 100°C or higher, and more preferably 1 20°C or higher. 

[0061] There may also be added an ultraviolet absorber such as phenylsalicylic acid, 2-hydroxybenzophenone or 
triphenyl phosphate, a blueing agent for adjustment of the color, an antioxidant, etc, 

[0062] The retardation film of the invention employs a film of the aforementioned polycarbonate or the like that is 
oriented by drawing or other means. Theproduction process for the film may be apublicly known melt extrusion process, 
solution casting process or the like, but solution casting is preferably used from the standpoint of film thickness irreg- 
ularities and outer appearance. Suitable solvents to be used for solution casting are methylene chloride, dioxoian and 
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the like. 

[0063] Any publicly known drawing process may be used for drawing, but longitudinal uniaxial drawing is preferred. 
For improved stretchability, the film may also contain publicly known plasticizers including phthalic acid esters such as 
dimethyl phthalate, diethyl phthalate and dibutyl phthalate, malic acid esters such astributyl phosphate, aliphatic dibasic 
esters, glycerin derivatives, glycol derivatives and the like. During the drawing, the organic solvent used for formation 
of the film may remain in the film for drawing. The amount of the organic solvent is preferably 1 -20 wt% with respect 
to the solid weight of the poiymer. 

[0064] Additives such as the aforementioned plasticizers or liquid crystals or the like can modify the retardation 
wavelength dispersion of the retardation film of the invention, but they are preferably added in an amount of no greater 
than 10 wt% and preferably no greater than 3 wt% with respect to the solid weight of the polymer. 
[0085] The film thickness of the retardation film is not particularly restricted, but it is preferably from 1 urn to 400 urn. 
The term "retardation film" is used for the invention, but this will also be referred to as, and includes the meanings of, 
"film" or "sheet" as well. 

[0066] A specific chemical structure is an essential condition fora retardation film of the invention having a retardation 
that is smaller at shortsrwavelengths, and much of the retardation wavelength dispersion is determined by the chemical 
structure; however, it should be noted that this will also vary depending on the stretching conditions, the blend state, etc. 
[0067] The retardation film of the invention, particularly a single oriented polymer film, may be used to construct a 
satisfactory quarter-wave plate QJ4 plate) or half-wave plate QJ2 plate) with low wavelength dependency, and for such 
uses it preferably satisfies R(550) S 50 nm and more preferably R(550) > 90 nm; specifically, for use as a UA plate the 
condition 1 00 nm < R(550) < 1 80 nm is preferred, and for use as a W2 plate the condition 220 < R(550) < 330 nm is 
preferred. 

[0068] Thus, the present invention provides, as one suitable retardation film, a retardation film consisting of a single 
oriented polycarbonate film, wherein the retardation at wavelengths of 450 nm and 550 nm satisfy the following formula: 

R(450)/R(550) < 1 (1) 

where R(450) and R(550) represent the in-plane retardation of the oriented polymer film at wavelengths of 450 nm and 
550 nm, respectively, and R(550) is at least 50 nm. 

[0069] A cellulose acetate film has been disclosed as a retardation film having a smaller retardation at a shorter 
wavelength at measuring wavelengths of 400-700 nm (Fig. 2 of Japanese Patent Publication No. 2609139). However, 
it is difficult to control the retardation wavelength dispersion of this cellulose acetate film, and for example, it is difficult 
to control the retardation wavelength dispersion to provide retardation films with optimum retardation wavelength dis- 
persion depending on various uses (such as a 7JA plate in a reflective liquid crystal display device). The reason is that 
cellulose acetate is a material with water absorption of about 4-1 0%, depending on the acetylation degree, and this is 
a cause of such problems as hydrolysis, dimensional deformation and orientation relaxation, whereby it becomes 
difficult to maintain a practical level of retardation and retardation wavelength dispersion for long periods. That is, the 
problem depends on the characteristics of the material, and cellulose acetate films have therefore been inconvenient 
in terms of optical durability. 

[0070] Cellulose acetate films that are used generally have R(550) as small as a few nm (a high acetylation degree 
and water absorption of about 4%) when used, for example, for polarizing plates or support plates of optical compen- 
sation plates. For such uses, no problems arise with the retardation in practice even with orientation relaxation of R 
(550), and the film can therefore be used as a retardation film. However, if R(550) is any larger, it is not possible to 
obtain a highly reliable retardation film using a cellulose acetate film. Moreover, even greater reliability is currently 
desired for uses inside automobiles, for example, where high moisture and heat resistance are required. 
[0071] The retardation film of the invention can be used as a quarter-wave plate. In this case, it is preferred to use 
one which has R = An-d equal to a quarter wavelength of 550 nm which is the highest visibility in visible light. 
[0072] In more general terms, to allow a single retardation film of the invention to be used as a wide-band 1/4 plate, 
the retardation wavelength dispersion is preferably in the ranges of 

0.60 < R(450)/ R(550) < 0.97 

and 



1.01 < R(650)/ R{550) < 1 .40 
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more preferably, 

0.65 < R(450)/ R(550) < 0.92 

5 

and 

1 .03 < R(650)/ R(550) < 1 .30 

10 

and even more preferably, 

0.70 < R(450)/ R(550) < 0.87 

15 

and 

1 .04 < R(650)/ R(550) < 1 .25. 

20 

[0073] By using this type of quarter-wave plate as a single polarizing plate, for example, in a reflective liquid crystal 
display device having a construction with a rear electrode also serving as the reflecting electrode, it is possible to obtain 
a reflective liquid crystal display device with excellent image quality. The retardation film can also be used on the rear 
side of a guest-host liquid crystal layer, as viewed by an observer. The role of the retardation film in such situations is 
zs that of converting linearly polarized light to circularly polarized light and circularly polarized light to linearly polarized 
light within the visible light band, and the retardation film of the invention is capable of satisfactorily achieving this 
purpose. 

[0074] Thus, as one preferred mode of the invention there is provided a reflective liquid crystal display device having 
a polarizing plate, a 7JA plate and a liquid crystal cell containing a liquid crystal layer between two substrates with 
30 transparent electrodes in that order, the reflective liquid crystal display device employing as the 7JA plate a retardation 
film which is a retardation film comprising a single oriented polycarbonate film, wherein the retardation at wavelengths 
of 450 nm and 550 nm satisfies the following formula (1): 

35 R(450)/R(550) < 1 (1) 

where R(450) and R(550) represent the in-plane retardation of the oriented polymer film at wavelengths of 450 nm and 
550 nm, respectively, and R{550) is 100-180 nm. 

[0075] Such films may also be used in place of a substrate of glass or a polymer film sandwiching the liquid crystal 
40 layer of the liquid crystal display device, to serve as both the substrate and the retardation film. 

[0076] An optional use is as an element that converts circularly polarized light to linearly polarized light in a reflective 
polarizing plate composed of cholesteric liquid crystals that reflect only circularly polarized light in either the clockwise 
or counterclockwise direction. 

[0077] The retardation film of the invention can also be used as a circular polarizing plate or elliptical polarizing plate 
4s by attachment to a polarizing plate via a cohesive layer or adhesive layer, or the retardation film may be coated with 
another material for improved moisture and heat durability or enhanced solvent resistance. 

[0078] The retardation film of the invention has been developed for the purpose of achieving, with a single oriented 
polymerfilm, an ideal X/4 plate or Ji/2 plate with lower birefringence at shorter wavelengths; however, since this generally 
provides a novel oriented polymerfilm with lower birefringence at shorter wavelengths and water absorption of under 
so 1 wt%, two retardation films of the invention may be laminated together, or a retardation film of the invention may be 
laminated with another optical film (retardation film, pelarizing plate r optieal compensating plate, etc.) tofabricate aTJ 
4pSateor A/2 plate that is ideal in a wider wavelength region, for example, in order to obtain a retardation film or optical 
film which is suitable for a wider range of uses. 

[0079] According to one aspect of the invention, it is possible to fabricate a retardation film by laminating two or more 
ss retardation films that satisfy the formula R(450)/R(550) < 1 . 

[0080] According to another aspect of the invention there is provided a laminated retardation film prepared by lam- 
inating a 1/4 plate and a X/2 plate, wherein both retardation films satisfy the following formulae (5) and (6). 
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0.6 < R(450)/R(550) < 1 (5) 



5 1 <R(650)/R(550)<1.4 (6) 

[0081] With this laminated retardation film, it is possible to achieve virtually perfect circularly polarized light at any 
wavelength in a measuring wavelength range of 400-700 nm, and preferabiy 400-780 nm, for linearly polarized light 
incident to the laminated retardation film, or conversely, to achieve virtually perfect iinearly polarized light at any wave- 
10 length in a measuring wavelength range of 400-700 nm, for perfect circularly polarized light incident to the laminated 
retardation film. 

[0082] As a means of evaluating this property, it was determined whether non-colored blackness was obtained with 
a polarizing plate, laminated retardation film and reflective plate laminated in that order, i.e. the construction polarizing 
plate/laminated retardation film/reflectrve plate, for incident visible light rays of natural polarization from a polarizing 

'5 plate. With this construction, the polarized state of the light undergoes conversion from natural polarized light -» (po- 
larizing plate) -> linearly polarized light 1 h> (laminated retardation film) circularly polarized fight (reflective plate) 
-> circularly polarized light {laminated retardation film) -> linearly polarized light 2 -> (polarizing plate), and since 
the optical axis of the iinearly polarized light 2 is shifted 90° with respect to the linearly polarized light 1 , it cannot pass 
through the polarizing plate and the resulting appearance is black. Observation of the degree of coloration of the 

so blackness can serve as an evaluation of the properties of the laminated retardation film. 

[0083] As a result of this evaluation, non-colored blackness was obtained with a laminated retardation film comprising 
laminated retardation films satisfying the above formulae (5) and (6). With films not satisfying formulae (5) and (6), the 
laminated retardation films produced colored blackness. 

[0084] Both laminated retardation films more preferably satisfy the following formulae: 

25 

0.70 < R(450)/ R(550) < 0.99 

and 

30 

1 .01 < R(650)/ R(550) < 1 .30 

and even more preferably 

35 

0.75 < R(450)/ R(550) < 0.96 

and 

40 

1.02 <R(650)/R(550)< 1.20. 

[0085] The laminated retardationfilm of the invention is obtained by laminating two retardation films whose retardation 
45 wavelength dispersion values satisfy the above formulae (5) and (6), i.e. a half-wave plate and a quarter-wave plate, 
preferably in such a manner that their optical axes form an angle of from 50" to 70°. When the angle of attachment is 
outside of this range it is not possible to obtain satisfactory properties. 

[0086] The laminated retardation film can roughly achieve R = X/4 (nm) at measuring wavelengths of 400-700 nm. 
However, this property does not strictly have to be always idealfor a single-polarizing plate- type reflective liquid crystal 
so display device, for example, and when incorporated into a liquid crystal display device it is important to match the liquid 
crystal layer or other optica! members. 

[0087] There are no particular restrictions on polymer materials to be used as retardation films so long as they satisfy 
the above formulae (5) and (6), and representative examples thereof were provided above; however, the aforemen- 
tioned polycarbonates with fluorene skeletons are most preferred. The half-wave plate and quarter-wave plate in the 
55 laminated retardation film of the invention are also preferably made of the same polymer material from the standpoint 
of productivity. 

[0088] As will be demonstrated in greater detail by the examples which follow, in order to determine the results when 
the retardation wavelength dispersion value of the laminated retardation film does not satisfy the above formulae (5) 
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and (6), such as when R(450)/R(550) = 0.5 and R(650)/R(550) = 1 .5, a 2 x 2 optical matrix was used for a simulation, 
the results of which are shown in Fig. 5. The calculation for the construction: polarizing plate/laminated retardation film/ 
reflective plate is a calculation for fight from the polarizing plate entering in a direction normal to the polarizing plate, 
and exiting in the normal direction. The polarizing plate has a 1 00% degree of polarization and the reflective plate is 
an ideal specular reflection plate. The angles of the optical axes of the optical materials in this construction are shown 
in Table 2. As seen in Fig. 5, the reflectivity is particularly larger at the shorter wavelength end and longer wavelength 
end, so that the ideal blackness cannot be obtained. 



Table 2 



Polarizing plate polarization axis angle (°) 


0 


M2 plate retardation axis angle (°) 


75 


A/4 plate retardation axis angle (°) 


15 



[0089] The two retardation films used for the invention are preferably transparent, preferably with a haze value of 
no greaterthan 3% and a total lighttransmittance of 85% or greater. Lamination of two such retardation films is preferred 
to prepare a laminated retardation film with a haze value of no greaterthan 3% and a total light transmittance of 85% 
or greater. 

[0090] The film thickness of each retardation film is preferably 1-400 u.m. 

[0091] The K value is an index of the three-dimensional refractive index anisotropy of a retardation film, and it varies 
depending on the R value and the film thickness, while the optimum value therefor will differ depending on the use. 
The preferred range may be given in terms of N z = (n x - n z )/(n x - n y ), which is another index of the three-dimensional 
anisotropy instead of the K value, as between 0.3-1 .5 for a uniaxially stretched film such as a X/4 plate or X/2 plate. 
Particularly when N z = 0.5, there is almost no change in retardation even if the angle of incidence to the retardation 
film changes from the front incidence. In the case of a biaxially stretched film, it is preferably from -100 to 100. The 
three-dimensional refractive indexes n x , n y and n z for N z are those used in the calculation of the K value. 
[0092] The laminated retardation film of the invention may be combined with a polarizing plate through a cohesive 
layer or adhesive layer to form a circularly polarizing plate, or another material may be coated on the retardation film 
for improved moisture and heat resistance, or enhanced solvent resistance. In the case of a circularly polarizing plate, 
the order of the first retardation film in the laminated retardation film of the invention is important, and the construction: 
polarizing plate//ha!f-wave plate//quarter-wave plate is necessary. The circularly polarizing plate can circularly polarize 
incident light in a wide wavelength range, for light incident on the polarizing plate side. 

[0093] Light exiting the laminated retardation film of the invention having the construction: half-wave plate//quarter- 
wave plate is circularly polarized light, in a wide wavelength range for linearly polarized light incident to the half-wave 
plate side, and light exiting rt is linearly polarized light, in a wide wavelength range for circularly polarized light incident 
to the quarter-wave plate side. 

[0094] By using this type of retardation film in a liquid crystal display device, and particularly asingle polarizing plate- 
type reflective liquid crystal display device, it is possible to obtain a display device with excellent image quality. The 
reflective liquid crystal display device may be one having a construction in the order: polarizing plate, retardation film, 
transparent electrode-mounted substrate, liquid crystal layer, scattering reflection electrode-mounted substrate; one 
having a construction in the order: polarizing plate, scattering plate, retardation film, transparent electrode-mounted 
substrate, liquid crystal layer, specular reflection electrode-mounted substrate; one having a construction in the order: 
polarizing plate, retardation film, transparent electrode-mounted substrate, liquid crystal layer, transparent electrode- 
mounted substrate, reflective layer; or the like. As an option, the quarter-wave plate may be used in a liquid crystal 
display device serving as both a transparent type and reflective type. The construction of such a liquid crystal display 
device may be, for example, the following: polarizing plate, retardation film, transparent electrode-mounted substrate, 
liquid crystal layer, reflective/transparent electrode-mounted substrate, retardation film, polarizing plate, backlight sys- 
tem. Also, for example, it may be used as an element to convert circularly polarized light to linearly polarized light in 
a reflective polarizing plate made of cholesteric crystals that reflect only circularly polarized light in either the clockwise 
or counter-clockwise direction, to obtain satisfactory linearly polarized light across a wide band. 
[3095] The retardation film of the invention may be used as a quarter-wave plate to be used in the optical head of 
an optical recording device. In particular, since the retardation film can provide quarter wavelength retardation for 
multiple wavelengths, it can contribute to reducing the number of retardation films in an optical head employing multiple 
laser light sources. 

[0096] Figs. 7-13 show examples of constructions of laminated retardation films and liquid crystal display devices 
employing retardation films according to the invention. 
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Examples 

(Evaluation methods) 

[0097] The material property values described throughout the present specification were obtained by the following 
evaluation methods. 

(1) Measurement of R and K values 

[0098] The retardation R value which is the product of the birefringence An and the film thickness d, and the K value 
which is obtained from the three-dimensional refractive indexes, were measured with the spectral ellipsometer °M150" 
by JASCO Corporation. The R value was measured with the incident light rays and the film surface in an orthogonal 
state, where R = An-d = (n x - n y >d . The K value was determined by varying the angle between the incident light rays 
and the film surface and measuring the retardation value at each angle, calculating n x , n y and n z as the three-dimen- 
sional refractive indexes by curve fitting using a publicly known refractive index ellipsoid formula, and substituting the 
values into the formula: K = (n z - (n,, + n y )/2) * d. This requires the separate parameter of the average refractive index 
n = (n x + n y + n z )/3, and this was determined by measuring the refractive index n at measuring wavelengths X of 500, 
550, 590 and 640 nm using an "Abbe refractometer 2-T" by Atago, Inc., which is an Abbe refractometer equipped with 
a spectrophotometric light source, and finding the refractive indexes at the other wavelengths from 4 points using the 
Cauchy formula (n = a + b/X 2 + c/X 4 ; where a, b and c are the fitting parameters). The units for both the K and R values 
are nm. The variables n x , n y and n z are defined as follows. 

n x : Refractive index in primary stretching direction in the film plane 

n y : Refractive index in direction orthogonal to the primary stretching direction in the film plane 
n z : Refractive index in the direction normal to the film surface 

[0099] (The primary stretching direction is the drawing direction in the case of uniaxial drawing, and the direction of 
drawing that gives the highest degree of orientation, in the case of biaxial drawing; in terms of chemical structure, it 
indicates the direction of orientation of the polymer main chain.) 

[0100] The R values at each wavelength given in the following tables are the measured values. The refractive index 
anisotropy is positive when R(550) > 0, and negative when R(550) < 0. 

(2) Measurement of total light transmittance and haze 

[0101] Measurement was made with an integrating sphere light ray transmittance measuring apparatus according 
to "Plastics Optical Property Testing Method" of the Japan Industrial Standard JIS K 71 05. The evaluating apparatus 
used was a "COH-300A" color difference/turbidity measuring instrument by Nippon Denshoku, KK. 

(3) Measurement of water absorption 

[01 02] Measurement was made according to " Plastics Water Absorption and Boiled Water Absorption Testing Meth- 
od" of JIS K 7209, except that the film thickness of the dried film was 130 ±50 nm. The test piece was a 50 mm square 
piece, the water temperature was 25°C, and the weight change was measured after immersing the sample in water 
for 24 hours. The units are given as percentages. 

(4) Measurement of polymer copolymerization ratio 

[0103] Measurement was made by proton NMR with a "JNM-alpha600" by Nippon Denshi K.K.. Particularly in the 
case of a copolymer of bisphenol A and biscresolfluorene, heavy benzene was used as the solvent and calculation 
was made from the proton strength ratio for each methyl group. 

(5) Measurement of polymer glass transition temperature (Tg) 

[0104] Measurement was made using a "DSC2920 Modulated DSC" by TA Instruments. The measurement was 
conducted not after film formation but after resin polymerization, in a flake or chip state. 
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(6) Measurement of polymer limiting viscosity 

[0105] An Ubbellohde viscosity tube was used to determine the limiting viscosity at 20°C in methylene chloride. 

(7) Measurement of film color tone 

[01 06] A "U-3500" spectrophotometer by Hitachi Laboratories was used to determine the b* value of the L*a*b* color 
specification system according to JIS Z-8729, with a 2° visual field and a c light source. 

(8) Measurement of film thickness 

[0107] Measurement was made with an electronic microprobe by Anritsu Corp. 

(9) Measurement of photoelastic constant 

[0108] This was measured at a measuring wavelength of 590 nm, using the spectral eflipsometer "M150" by JASCO 
Corporation. 

[0109] The monomer structures of the polycarbonates used in the following examples and comparative examples 
are given below. 

(10) Heat durability test 

[0110] The film was placed in two constant temperature baths and allowed to stand under conditions [1] and [2] ([1] 
80°C, dry, 1000 hours; [2] 60°C, 60% RH, 1000 hours), after which the film was removed and measurements (1), (2) 
and (7) above were repeated. 



HO' 




OH 



[A] 



H 3 C 



HO- 



HO' 




OH 



OH 



{C] 



[B] 
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H 3 C CH, 




[0111] Table 3 shows the R(450)/R(550) and the refractive index anisotropy upon uniaxial stretching at near Tg, for 
stretched films of homopolymers of phosgene with [A] to [G] above, and polystyrene [PS] and polyphenylene oxide 
[PPO]. Due to the difficulty of film formation with IF], [G] or [PPO[ alone, for [F] and [G] the vaiues were extrapolated 
from copolymers with small varying amounts of [A] added. For [PPO], the value was extrapolated from copolymers 
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with smal! varying amounts of [PS] added. 



Table 3 





[A] 


[B] 


[C] 


[D] 


[E] 


[F] 


[G] 


[PPO] 


[PS] 


R(450)/ R(550) 


1.08 


1.07 


1.08 


1.08 


1.07 


1.14 


1.14 


1.15 


1.06 


Refractive index anisotropy 





















[Example 1] 

[0112] A sodium hydroxide aqueous solution and ion-exchange water were charged into a reaction vessel equipped 
with a stirrer, thermometer and reflux condenser, and then monomers [A] and [G] having the structures shown above 
were dissolved in the molar ratios given in Table 1 and a small amount of hydrosulfite was added. After then adding 
methylene chloride, phosgene was blown in at 20°C for about 60 minutes. After adding p-tert-butylphenol for emulsi- 
fication, triethylamine was added and the mixture was stirred at30°C for about 3 hours to complete the reaction. Upon 
completion of the reaction, the organic phase was separated off and the methylene chloride was evaporated to obtain 
a polycarbonate copolymer. The compositional ratio of the obtained copolymer was roughly the same as the monomer 
charging ratio. 

[0113] The copolymer was dissolved in methylene chloride to prepare a doping solution with a solid content of 15 
wt%. A cast film was formed from this doping solution, and was subjected to free-width uniaxial stretching to a factor 
of 1 .9 at a temperature of 218°C. The solvent content of the cast film prior to drawing was 2%, and the ratio of the 
width of the film in the drawing zone to the length in the direction of drawing was 1:1 .2. 

[0114] The measurement results are summarized in Table 4. The relationship between the retardation and the wave- 
length dispersion is shown in Fig. 14. The film had a smaller retardation with shorter measuring wavelength, with the 
largest in-plane refractive index in the direction of drawing, whereby positive refractive index anisotropy was confirmed. 
[0115] The photoelastic constant of the unstretched cast film was 35 x 10" 13 cm 2 /dyne. 
[0116] This was followed by heat durability testing, and virtually no changes were found. 

[Example 2] 

[01 17] The unstretched cast film priorto stretching that was fabricated in Example 1 was subjected to biaxial drawing 
to a factor of 1 .1 at 220°C, in both the lengthwise and widthwise directions, one after the other. The measurement 
results are summarized in Table 4. 

[011 8] This was followed by heat durability testing, and virtually no changes were found. 
[Example 3] 

[0119] Apolycarbonatecopolymerwas obtained by the same method as Example 1 , exceptthatthemonomers listed 
in Table4 were used, The compositional ratio of the resulting copolymerwas roughly the same as the monomercharging 
ratio, Afilm was formed in the same manner as Example 1 , and a retardation film was obtained by free-width uniaxial 
drawing to a factor of 1 .7 at a temperature of 21 8°C. The solvent content of the cast film prior to drawing was 0.5%. 
[0120] The measurement results are summarized inTable4. Thefilm had a smaller retardation with shortermeasuring 
wavelength, and positive refractive index anisotropy was confirmed. 
[0121] This was followed by heat durability testing, and virtually no changes were found. 

[Example 4] 

[01 22] The unstretched cast film prior to drawing that was fabricated in Example 2 was subjected to biaxial drawing 
to a factor of 1.1. at 220°C, in both the lengthwise and widthwise directions, one after the other. The measurement 
results are summarized in Table 4. 

[01 23] This was followed by heat durability testing, and virtually no changes were found. 
[Example 5] 



[01 24] A polycarbonate copolymerwas obtained by thesame method as Example 1 , except that the monomers listed 
inTable4were used. The compositional ratio of the resulting copolymer was rough lythe same as the monomer charging 
ratio. A film was formed in the same manner as Example 1 , and a retardation film was obtained by free-width uniaxial 
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drawing to afactorof 1.7 at a temperature of 218°C. The solvent content of the cast film prior to drawing was 0.2%. 
[0125] The measurement results are summarized in Table 4. Thefilm was confirmed to have positive refractive index 
anisotropy. 

[0126] This was followed by heat durability testing, and virtually no changes were found. 
[Example 6] 

[0127] The copolymer prepared in Example 3 was dissolved in methylene chloride so that the proportions of [A] and 
[G] were the same as in Example 1 . The concentration of the solution was 15 wt% in terms of solid content, but it was 
transparent with no turbidity, and the film prepared from the solution had a haze of 0.5%, showing the two copolymers 
to be compatible. When the cast film was drawn under the same conditions as Example 1 , the wavelength dispersion 
relationship for values K and Ft was found to be roughly equal to that in Example 1 . 
[01 28] This was followed by heat durability testing, and virtually no changes were found. 

[Example 7] 

[0129] A polycarbonate copolymer was obtained by the same method as Example 1 , except that the monomers listed 
inTable 4 were used. The compositional ratio of the resulting copolymer was roughly the same as the monomer charging 
ratio. A film was formed in the same manner as Example 1 , and a retardation film was obtained by uniaxial drawing to 
a factor of 2 at a temperature of 240°C. The measurement results are summarized in Table 4. The film had a smaller 
retardation with shorter measuring wavelength, and positive refractive index anisotropy was confirmed. 

Table 4 



Optical properties of retardation films in examples 





Example 1 


Example 2 


Example 3 


Example 4 


Example 5 


Example 7 


Monomer 1 structure 


[A] 


[A] 


[A] 


[A] 


[A] 


[A] 


(charging mole%) 


(32) 


(32) 


(40) 


(40) 


(45) 


(29) 


Monomer 2 structure 


[G] 


IG] 


[G] 


[G] 


[G] 


[F] 


(charging mole%) 


(68) 


(68) 


(60) 


(60) 


(55) 


(71) 


Tg (°C) 


227 


227 


218 


218 


213 


234 


Limiting viscosity [t|] 


0.792 


0.792 


0.701 


0.701 


0.672 


0.655 


R(450) 


113.6 


2.5 


149.7 


3.1 


102.2 


91.8 


R(550) 


151.0 


3.3 


160.3 


3.1 


104.3 


102.1 


R(650) 


166.1 


3.6 


162.7 


3.0 


104.3 


107.4 


R(450)/R(550) 


0.752 


0.758 


0.934 


1.000 


0.980 


0.899 


R(650)/R(550) 


1.100 


1.091 


1.015 


0.968 


1.000 


1.052 


K(450) 


-54.2 


-27.2 


-74,7 


-60.6 


-50.9 


-44.1 


K(550) 


-74.5 


-46.8 


-80.2 


-64.2 


-50.8 


-52.1 


K(650) 


-82.3 


-67.1 


-81.1 


-64.4 


-50.7 


-53.5 


K(450)/K(550) 


0.728 


0.581 


0.931 


0.944 


1.002 


0.846 


K(650)/K(550) 


1.105 


1.434 


1.011 


1.003 


0.998 


1.027 


Average refractive index (450) 


1.635 


1.635 


1.627 


1.627 


1.628 


1.633 


Average refractive index (550) 


1.625 


1.625 


1.621 


1.621 


1.621 




Average refractive index (650) 


1.621 


1.621 


1.615 


1.615 


1.615 


1.622 


Water absorption (%) 


0.2 


0.2 


0.2 


0.2 


0.2 


0.2 


Haze (%) 


0.7 


0.9 


0.9 


0.8 


0.9 


0.9 


Total light transmittance (%) 


91.0 


91.2 


91.2 


91.1 


90.2 


90.2 
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Table 4 (continued) 



Optical properties of retardation films in examples 




Example 1 


Example 2 


Example 3 


Example 4 


Example 5 


Example 7 


b* 


0.7 


07 


0.7 


0.6 


1.0 


1.0 


Stretched film thickness (u,m) 


100 


110 


110 


120 


100 


100 



[Example 8] 



[0130] A polycarbonate copolymerwas obtained bythesame method as Example 1 , except thatthemonomers listed 
inTable5 were used. The compositional ratio of the resulting copolymer was roughly the same as the monomer charging 
ratio. A film was formed in the same manner as Example 1 , and a retardation film was obtained by uniaxial drawing to 
a factor of 1 .6 at a temperature of 21 0°C. 

[0131] The measurementresultsaresummarizedinTable5. The film hadasmallerretardation with shortermeasuring 
wavelength, and positive refractive index anisotropy was confirmed. 

[Example 9] 

[0132] A polycarbonate copolymerwas obtained by the same method as Example 1 , except that the monomers listed 
in Table 5 were used. The compositional ratio of the resulting copolymerwas roughly the same as the monomer charging 
ratio. A film was formed in the same manner as Example 1 , and a retardation film was obtained by uniaxial drawing to 
a factor of 1 .6 at a temperature of 230°C. 

[0133] The measurement results are summarized inTable5. The film hadasmallerretardation with shorter measuring 
wavelength, and positive refractive index anisotropy was confirmed. 

[Example 10] 

[0134] A polycarbonate copolymerwas obtained by the same method as Example 1 , except that the monomers listed 
in Table5 were used. The compositional ratio of the resulting copolymer was roughly the same as themonomer charging 
ratio. Afilm was formed in the same manner as Example 1 , and a retardation film was obtained by stretching to afactor 
of 1 .7 at a temperature of 230"C. 

[0135] The optical properly measurement results are summarized in Table 5. The film had a smaller retardation with 
shorter measuring wavelength, and positive refractive index anisotropy was confirmed. 

[Example 11] 

[0136] A polycarbonate copolymer was obtained bythesamemethod as Example 1 , exceptthatthe monomers listed 
in Table 5 were used. The compositional ratio of the resulting copolymer was roughly the same as the monomer charging 
ratio. Afilm was formed in the same manner as Example 1, and a retardation film was obtained by drawing to afactor 
of 1 .6 at a temperature of 240°C. 

[0137] The measurementresults are summarized inTableS.Thefilm had asmailerretardation with shortermeasuring 
wavelength, and positive refractive index anisotropy was confirmed. 

Table 5 



Optical properties of retardation films in examples 





Example 8 


Example 9 


Example 10 


Example 11 


Monomer 1 structure 


[B] 


[C] 


ID] 


[E] 


(charging mole%) 


(60) 


(37) 


(40) 


(55) 


Monomer 2 structure 


[G] 


[G] 


[G] 


[G] 


(charging mole%) 


(40) 


(63) 


(60) 


(55) 


Tg (°C) 


190 


232 


244 


225 


Limiting viscosity 


0.821 


0.632 


0.692 


0.998 


R{450) 


58.5 


39.1 


42.0 


116.6 
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Tables (continued) 



Optical properties of retardation films in examples 




Example 8 


Example 9 


Example 1 0 


Example 11 


R{550) 


72.8 


53.9 


49.9 


141.8 


R(650) 


80.08 


59.3 


52.6 


150.3 


R(450)/R(550) 


0.803 


0.725 


0.841 


0.822 


R(650)/R(550) 


1.100 


1.101 


1.054 


1.060 


K(450) 


-28.0 


-18.9 


-20.5 


-58.0 


K(550) 


-34.2 


-26.1 


-25.1 


-70.3 


K(650) 


-40.1 


-28.9 


-26.7 


-75.2 


K(450)/K(550) 


0.819 


0.724 


0.817 


0.825 


K(650)/K(550) 


1.173 


1.107 


1.064 


1.070 


Average refractive index (450) 


1.612 


1.623 


1.618 


1.625 


Average refractive index (550) 


1.603 


1.618 


1.609 


1.612 


Average refractive index (650) 


1.599 


1.612 


1.601 


1.603 


Water absorption(%) 


0.2 


0.2 


0.2 


0.2 


Haze (%) 


0.8 


0.9 


0.9 


0.8 


Total light transmittance (%) 


90.5 


90,7 


90.8 


90.2 


b* 


0.9 


0.8 


0.7 


0.7 


Stretched film thickness (jim) 


80 


90 


90 


100 



[Example 1 2] 

[0138] Polystyrene (obtained from Wako Junyaku Kogyo, KK.) as a polymer with negative refractive index anisotropy 
and polyphenylene oxide (poly(2,6-dimethyl-1 ,4-phenylene oxide) obtained from Wako Junyaku Kogyo, KK.) as a pol- 
ymer with positive refractive index anisotropy, were dissolved in chloroform in proportions of 70 and 30 wt%, respec- 
tively, to prepare a doping solution with a solid content of 1 8 wt%. A cast film was formed from the doping solution and 
was uniaxially drawn to afactor of 3 at a temperature of 130°C. The glass transition temperature of the film was 125°C. 
[01 39] The optical property measurement results are summarized in Table 6. The film had a smaller retardation with 
shorter measuring wavelength, and negative refractive index anisotropy was confirmed. 

[0140] For reference, Fig. 15 shows the relationship between the birefringence wavelength dispersion coefficient 
and the polyphenylene oxide volume fraction with different blend ratios of polystyrene and polyphenylene oxide. It can 
be seen that the optical anisotropy is negative in the area of low polyphenylene oxide, and an area exists where the 
birefringence wavelength dispersion coefficient is smaller than 1. On the other hand, the value is larger than 1 in the 
area of high polyphenylene oxide and positive refractive index anisotropy. 

[0141] Fig. 16 shows the relationship between the volume fraction and birefringence wavelength dispersion coeffi- 
cient such as shown in Fig. 15, as calculated using the above-mentioned formula (c). Fig. 16 is given by using -0.10 
and 0.21 as the values of the intrinsic birefringence at a wavelength of 550 nm for polystyrene and polyphenylene 
oxide (see D. Lefebvre, B. Jasse and L. Monnerie, Polymer 23, 706-709, 1982). Fig. 15 and Fig. 16 are well matched. 
The densities used of polystyrene and polyphenylene oxide were 1 .047 and 1 .060 g/cm 3 , respectively. 



Table £i 



Optical properties of retardation films in examples 




Example 1 2 


Tg (-C) 


134 


R(450) 


-119.1 
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Table 6 (continued) 



Optical properties of retardation films in examples 




Example 12 


R(5S0) 


-138.0 


R(S50) 


-147.8 


R(450)/ R(550) 


0.863 


R(650)/ R(550) 


1.071 


Water absorption (%) 


0.3 


Haze (%) 


0.7 


Total light transmittance (%) 


91.1 


b* 


1.0 


Stretched film thickness (jjn) 


140 



[Example 1 3] 

[0142] The film formed in Example 1 was evaluated by incorporation into a single polarizing piate reflective liquid 
crystal display device mounted in a "Game Boy Color", which is a portable game device by Nintendo, Inc. The con- 
struction, as viewed by an observer, is: polarizing plate/retardation film formed in Example 1/glass substrate/lTO trans- 
parent electrode/alignment film/twisted nematic liquid crystals/alignment film/metal electrode (and reflective filmVgl ass 
substrate. The adhesive layers between each of the layers are omitted. The films were attached at angles that displayed 
white with the voltage off, and the tint was evaluated visually. The retardation film functions as a A/4 plate. This com- 
mercial product employs two polycarbonate films made of a homopolymer of bisphenol A and having different retar- 
dation values, but it was confirmed that when only one film of Example 1 was used, there was low coloration especially 
when displaying black, and this resulted in high contrast and excellent visibility. 

[Example 14] 

[0143] The film formed according to Example 1 was placed on a reflective polarizing plate comprising cholesteric 
liquid crystals, and the tint was evaluated with the construction: commercially available backlight/cholesteric liquid 
crystal layer/film of Example 1/polarizing plate. The film of Example 1 functions as a A/4 plate. The angle between the 
retardation axis of the film and the polarization axis was 45°. The light emitted from the polarizing plate was white with 
little coloration. 

[Example 15] 

[0144] Using an optical compensation film employing a UV-cured discotic liquid crystal layer, incorporated into the 
liquid crystal display device of a commercial liquid crystal monitor-equipped video camera, the discotic liquid crystal 
layer was peeled off from the support plate and attached to the retardation film formed in Example 2 via a cohesive 
layer. This was attached back to the liquid crystal display device, i.e. only the support substrate was replaced with the 
product of Example 2, and the device was used as a liquid crystal monitor; whereas the white display sections appeared 
brown-colored when viewed at an angle from the horizontal direction of the monitor in its commercial product state, 
the construction described here resulted in a much lower degree of coloration and hence excellent visibility. In addition, 
there was no loss of front contrast. 

[Comparative Example 1] 

[01 45] A poiycarbonate copolymer was obtained by the same method except that the monomers listed in Table 7 
were used. The compositional ratio of the resulting copolymer was roughly the same as the monomer charging ratio. 
A film was formed in the same manner as Example 1 , and a retardation film was obtained by drawing to afactorof 1 .5 
at a temperature of 240°C. The measurement results are summarized in Table 7. The film was confirmed to have a 
larger retardation with shorter measuring wavelength in terms of absolute value. 
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[Comparative Example 2] 

[0146] A polycarbonate copolymer was obtained by the same method except that the monomers listed in Table 7 
were used. The compositional ratio of the resulting copolymer was roughly the same as the monomer charging ratio. 
s Afilm was formed in the same manner as Example 1 , and a retardation film was obtained by drawing to afactor of 1 .2 
at a temperature of 1 70°C. The measurement results are summarized in Table 7. The film was confirmed to have a 
larger retardation with shorter measuring wavelength in terms of absolute value. 

[Comparative Example 3] 

10 

[0147] A polycarbonate copolymer was obtained by the same method except that the monomers listed in Table 7 
were used. The compositional ratio of the resulting copolymer was roughly the same as the monomer charging ratio. 
Afilm was formed in the same manner as Example 1, and a retardation film was obtained by drawing to a factor of 1.5 
at a temperature of 240°C. The measurement results are summarized in Table 7. The film was confirmed to have a 
is larger retardation with shorter measuring wavelength in terms of absol ute value. 

[Comparative Example 4] 

[0148] A polycarbonate copolymer was obtained by the same method except that the monomers listed in Tabfe 7 
20 were used. The compositional ratio of the resulting copolymer was roughly the same as the monomer charging ratio. 
A film was formed in the same manner as Example 1 , and a retardation film was obtained by drawing to a factor of 1 .2 
at a temperature of IBB^C. The measurement results are summarized in Table 7. The film was confirmed to have a 
larger retardation with shorter measuring wavelength in terms of absolute value. 

25 [Comparative Example 5] 

[01 49] A polycarbonate copolymer was obtained by the same method except that the monomers listed in Table 7 
were used. The compositional ratio of the resulting copolymer was roughly the same as the monomer charging ratio. 
A film was formed in the same manner as Example 1 , and a retardation film was obtained by drawing to a factor of 1 .5 
30 at a temperature of 230°C. The optical property measurement results are summarized in Table 7. The film was confirmed 
to have a larger retardation with shorter measuring wavelength in terms of absolute value. 

[Comparative Example 6] 

ss [0150] A polycarbonate copolymer was obtained by the same method except that the monomers listed in Table 7 
were used. The compositional ratio of the resulting copolymer was roughly the same as the monomer charging ratio. 
A film was formed in the same manner as Example 1 , and a retardation film was obtained by drawing to a factor of 1 .1 
at a temperature of 1 60°C. The measurement results are summarized in Table 7. The film was confirmed to have a 
larger retardation with shorter measuring wavelength in terms of absolute value. 

40 

[Comparative Example 7] 

[0151] A polycarbonate copolymer was obtained by the same method except that the monomers listed in Table 7 
were used. The compositional ratio of the resulting copolymer was roughly the same as the monomer charging ratio. 
<ts A film was formed in the same manner as Example 1 , and a retardation film was obtained by drawing to a factor of 1 .3 
at a temperature of 240°C. The measurement results are summarized in Table 7. The film was confirmed to have a 
larger retardation with shorter measuring wavelength in terms of absolute value, 

[Comparative Example 8] 

50 

[0152] A polycarbonate copolymer was obtained by the same method except that the monomers listed in Table 7 
were used. The compositional ratio of the resulting copolymer was roughly the same as the monomer charging ratio. 
A film was formed in the same manner as Example 1 , and a retardation film was obtained by drawing to a factor of 1 .2 
at a temperature of 175°C. The measurement results are summarized in Table 7. The film was confirmed to have a 
55 larger retardation with shorter measuring wavelength in terms of absolute value. 
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[Comparative Example 9] 

[0153] A polycarbonate copolymer was obtained by the same method except that the monomers listed in Table 7 
were used. The compositional ratio of the resulting copolymer was roughly the same as the monomer charging ratio. 
s A film was formed in the same manner as Example 1 , and a retardation film was obtained by drawing to a factor of 1 .2 
at a temperature of 260°C. The measurement results are summarized in Table 7. The film was confirmed to have a 
larger retardation with shorter measuring wavelength in terms of absolute value. 

[Comparative Example 10] 

[0154] A polycarbonate copolymer was obtained by the same method except that the monomers listed in Table 7 
were used. The compositional ratio of the resulting copolymer was roughly the same as the monomer charging ratio. 
A film was formed in the same manner as Example 1 , and a retardation film was obtained by drawing to afactor of 1.1 
at a temperature of 1 70°C. The optical property measurement results are summarized in Table 7. The film was confirmed 
to have a larger retardation with shorter measuring wavelength in terms of absolute value. 

[Comparative Example 11] 

[0155] A polycarbonate copolymer was obtained by the same method except that the monomers listed in Table 7 
so were used. The compositional ratio of the resulting copolymer was roughly the same as the monomer charging ratio. 
A film was formed in the same manner as Example 1, and a retardation film was obtained by drawing to afactor of 1.5 
at a temperature of 260°C. The measurement results are summarized in Table 7. The film was confirmed to have a 
larger retardation with shorter measuring wavelength in terms of absolute value. 

25 [Comparative Example 12] 

[0156] A polycarbonate copolymer was obtained by the same method except that the monomers listed in Table 7 
were used. The compositional ratio of the resulting copolymer was roughly the same as the monomer charging ratio. 
A film was formed in the same manner as Example 1 , and a retardation film was obtained by drawing to a factor of 1 .2 
30 at a temperature of 1 80°C. The measurement results are summarized in Table 7. The film was confirmed to have a 
larger retardation with shorter measuring wavelength in terms of absolute value. 

[Comparative Example 13] 

35 [01 57] A polycarbonate copolymer was obtained by the same method except that the monomers listed in Table 7 
were used. The compositional ratio of the resulting copolymer was roughly the same as the monomer charging ratio, 
A film was formed in the same manner as Example 1 , and a retardation film was obtained by uniaxial drawing to a 
factor of 1 .1 at a temperature of 1 60°C. The measurement results are summarized in Table 7. The film was confirmed 
to have a larger retardation with shorter measuring wavelength in terms of absolute value. 

40 

[Comparative Example 1 4] 

[01 58] A polycarbonate copolymer was obtained by the same method except that the monomers listed in Table 7 
were used. The compositional ratio of the resulting copolymer was roughly the same as the monomer charging ratio. 
45 A film was formed in the same manner as Example 1 , and a retardation fiim was obtained by uniaxial drawing to a 
factor of 1 .1 at a temperature of 1 75°C. The measurement results are summarized in Table 7. The film was confirmed 
to have a larger retardation with shorter measuring wavelength in terms of absolute value. 

[Comparative Example 1 5] 

[0159] A polycarbonate copolymer was obtained by the same method except that the monomers listed in Table 7 
were used. The compositional ratio of the resulting copolymer was roughly the same as the monomer charging ratio. 
A film was formed in the same manner as Example 1 , and a retardation film was obtained by uniaxial drawing to a 
factor of 1 .1 at a temperature of 1 70°C. The measurement results are summarized in Table 7. The film was confirmed 
55 to have a larger retardation with shorter measuring wavelength in terms of absolute value. 
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[Example 16]- 

[0160] A sodium hydroxide aqueous solution and ion-exchange water were charged into a reaction vessel equipped 
with a stirrer, thermometer and reflux condenser, and then monomers A and G having the structures shown above 
were dissolved in the molar ratios given in Table 8, and a small amount of hydrosulfite was added. After then adding 
methylene chloride, phosgene was blown in at 20°C for about 60 minutes. After adding p-tert-butylphenol for emuisi- 
fication, trieihylamine was added and the mixture was stirred at 30°C for about 3 hours to complete the reaction. Upon 
completion of the reaction, the organic phase was separated off and the methylene chloride was evaporated to obtain 
a polycarbonate copolymer. The compositional ratio of the obtained copolymer was roughly the same as the monomer 
charging ratio. 

[0161] The copolymer was dissolved in methylene chloride to prepare a doping solution with a solid content of 20 
wt%. A cast film was formed from this doping solution, and was subjected to uniaxial drawing to form a retardation film 
for 114 and XJ2 (nm) at a measuring wavelength of X = 550 nm. 

[0162] The film was attached at the angle shown in Table 8, to form an optical multilayer film comprising a polarizing 
plate//half-wave plate//quarter-wave plate//reflective plate. An adhesive was used between each optical film. 
[01 63] Fig. 6 shows a summary of the reflection spectrum of this optical multilayerfilm. There is a complete absence 
of coloration, and blackness with low reflectivity is achieved in the case where the reflectivity is 0 in the total wavelength 
range in Fig. 6; however, with the laminated retardation film of the invention, the reflectivity was lower than the com- 
parative examples described later as seen in Fig. 6, giving ayery excellent condition of blackness. The optical multilayer 
film was also visually examined and found to be black with no coloration. 

[Example 17] 

[0164] A polycarbonate copolymer was obtained by the same method as Example 16 except that the monomers 
listed in Table 7 were used. The compositional ratio of the resulting copolymer was roughly the same as the monomer 
charging ratio. A half-wave plate and quarter-wave plate were formed in the same manner as Example 1 6, and these 
were attached at the angle shown in Table 1 to prepare an optical multilayerfilm comprising a polarizing plate//half- 
wave plate//quarter-wave plate/Zreflective plate. 

[0165] Fig. 6 shows a summary of the reflective spectrum for this optical multilayer film. As seen in Fig. 6, a very 
excellent condition of blackness was achieved compared to the comparative examples. The optical multilayerfilm was 
also visually examined and found to be black with no coloration. 



Table 8 





Example 1 6 


Example 1 7 


Comp. Ex. 1 6 


Comp. Ex. 17 


Monomer 1 structure 
(charging mole%) 


A 

(42) 


A 

(34) 


A 

(100) 




Monomer 2 structure 
(charging mole%) 


G 
(58) 


G 
(66) 






R(450)/ R(550) 


0.963 


0.849 


1.078 


1.010 


R(B50)/ R(550) 


1.008 


1.041 


0.960 


0.997 


K(450)/ K(550) 


0.964 


0.855 


1.071 


1.010 


K(650)/ K(550) 


1.007 




0.971 


0.998 


Polarizing plate polarization axis angle (°) 


0 


0 


0 


0 


X/2 plate retardation axis angle (°) 


75 


75 


75 


75 


UA plate retardation axis angle f) 


15 


15 


15 


15 



[Comparative Example 16] 



[0166] A polycarbonate homopolymer was obtained by the same method as Example 16 except that the monomers 
listed in Table 8 were used. A half-wave plate and quarter-wave plate were formed in the same manner as Example 
1 6, and these were attached at the angles shown in Table 8 to prepare an optical multilayerfilm comprising a polarizing 
platetfhalf-wave plate//quarter-wave plate/Zreflective plate. 

[0167] Fig. 6 shows a summary of the reflective spectrum for this optical multilayer film. The optical multilayerfilm 



EP 1 045 261 B1 



was also visually examined and found to have coloration in the blackness. 
[Comparative Example 1 7] 

[0168] A half-wave plate and quarter-wave plate were formed in the same manner as Example 1 6, using the nor- 
bornane resin "ARTON G" by JSR, KK, and these were attached at the angles shown in Table S to prepare an optica! 
multilayer film comprising a polarizing piate//half-wave plate//quarter-wave plate//reflective plate. 
[01 69] Fig. 6 shows a summary of the reflective spectrum for this optical multilayer film. The optical multilayer film 
was also visually examined and found have coloration in the blackness, compared to Examples 1 6 and 1 7. 

Industrial Applicability 

[01 70] According to the present invention it was possible to obtain a retardation film having a smaller birefringence 
with shorter measuring wavelengths, even with a single film. A retardation film having such birefringence wavelength 
dispersion properties and a retardation to 1/4 wavelength at a measuring wavelength of 550 nm will function as a 
retardation film that converts circularly polarized light to linearly polarized light and linearly polarized light to circularly 
polarized light in a wide wavelength range, and it can therefore be applied to a single polarizing plate- or guest/host- 
type reflective liquid crystal display device, or to a reflective polarizing element that reflects circularly polarized light in 
one direction, in order to provide high image quality liquid crystal display devices and high performance reflective 
polarizing elements with satisfactory productivity. 



1 . A retardation film comprised of a single oriented polymer film, characterized in that the retardation at wavelengths 
of 450 nmand550nm satisfies the following formulae (1) and/or (2), and the water absorption is no greaterthan 1%: 



where R(450) and R(550) represent the in-plane retardation of the oriented poiymer film at wavelengths of 450 
nm and 550 nm, respectively, and K(450) and K(550) are the values calculated by K = [n z - (n x + n )/2] x d (where 
n x , n y , and n z represent the three-dimensional refractive indexes of the oriented polymer film as the refractive 
indexes in the direction of the x-axis, y-axis and z-axis, respectively, and d represents the thickness of the film) 
for the oriented polymer film at a wavelength of 450 nm and 550 nm, respectively, 
provided that the retardation film is not a stretched polycarbonate retardation film wherein: 

(i) said polycarbonate consisting of 70 mol% of the repeating unit of formula FL: 



Claims 



R(450)/R(550) < 1 



K(450)/K(550} < 1 




and 30 mol% of the repeating unit of formula ME; 
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(ii) having a viscosity average molecular weight of 35,000 (calculated by substituting the intrinsic viscosity 
measured with a methylene chloride solution in the Mark-Houwink-Sakurada formula); 

(iii) having a film thickness of 99 jj/n; 

(iv) having a glass transition temperature (Tg) before stretching of 235 °G (measured at a temperature rising 
rate of 20 "C/min using Differential Scanning Calorimeter 910 manufactured by DuPont); 

(v) having a transmittance before stretching of 89% at 500 nm (measured using a spectrophotometer (UV- 
240) manufactured by Shimadzu Corporation); obtainable by: 

(vi) adding 20 parts by weight of said polycarbonate to 80 parts by weight of dichloromethane and stirring at 
room temperature for 5 hours to obtain a transparent viscous solution; 

(vii) casting said solution on a stainless steel substrate using a doctor knife; 

(viii) heating said solution in a dryer at a wind velocity of 2 m/sec at 30 °C for 10 minutes, at 50 °C for 30 
minutes and 130 °Cfor30 minutes to obtain a transparent unstretched film; and 

(ix) stretching said unstretched film by 1 0% at 1 65 °C by a tenter method. 

The retardation film according to claim 1 wherein R{550) Is at least 20 nm and/or K(550) is at least 20 nm. 

A retardation film comprised of a single oriented polymer film, characterized in that the retardation at wavelengths 
of 450 nm and 550 nm satisfies thefollowing formulae (1) and/or (2), and the water absorption is no greaterthan 1%: 

R(450)/R(550) < 1 (1) 



K(450)/K(550) < 1 (2) 
further characterized in that R(550) is at least 20 nm and/or K(550) is at least 20 nm; 

where R(450) and R(550) represent the in-plane retardation of the oriented polymer film at wavelengths of 450 
nm and 550 nm, respectively, and K(450) and K(550) are the values calculated by K = [n z - (n x + n y )/2] x d (where 
n x , n yl and n z represent the three-dimensional refractive indexes of the oriented polymer film as the refractive 
indexes in the direction of the x-axis, y-axis and z-axis, respectively, and d represents the thickness of the film) 
for the oriented polymer film at a wavelength of 450 nm and 550 nm, respectively 

A retardation film according to any of claims 1 -3, 

wherein the retardation at wavelengths of 450 nm, 550 nm and 650 nm satisfies the following formulae (3) and (4): 
0 .6 < R(450)/ R(550) < 0 .97 (3) 



1 .01 < R(650)/R(550) < 1 .4 (4) 

where R(650) represents the in-plane retardation of the oriented polymer film at a wavelength of 650 nm. 
A retardation film according to any of claims 1 -4, 

wherein the retardation is smaller with a shorter wavelength in the wavelength range of 400-700 nm. 
A retardation film according to any of claims 1 -3, which comprises an oriented polymer film wherein 

(1 ) the film is composed of a polymer comprising a monomer unit of a polymer with positive refractive index 
anisotropy (hereunder referred to as "first monomer unit") and a monomer unit of a polymer with negative 
refractive in dex anisotropy (h ereu nder referred to as "second monomer u nit") , 

(2) R(450)/R(550) for the polymer based on said first monomer unit is smaller than R(450)/R(550) for the 
polymer based on said second monomer unit, and 

(3) the film has positive refractive index anisotropy. 

A retardation film according to any of claims 1 -3, which comprises an oriented polymer film wherein 

(1 ) the film is composed of a polymer comprising a monomer unit that forms a polymer with positive refractive 
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index anisotropy (hereunder referred to as "first monomer unit") and a monomer unit that forms a polymer with 
negative refractive index anisotropy (hereunder referred to as "second monomer unit"), 

(2) R(450)/R(550) forthe polymer based on saidfirst monomer unit is largerthan R(450)/R(550) for the polymer 
based on said second monomer unit, and 

(3) the film has negative refractive index anisotropy. 

8. A retardation film according to any of claims 1 -3, 

wherein said oriented polymer film is made of a polymer material with a glass transition temperature of 120°C or 
higher. 

9. A retardation film according to any of claims 1 -3, 

wherein said oriented polymer film contains a polycarbonate with a fluorene skeleton. 

10. A retardation film according to any of daims 1-3, which is an oriented polymer film comprising copolymer and/or 
blend of polycarbonates in which 30-90 mole percent of the total consists of a repeating unit represented by the 
following general formula (I): 




where R r R e are each independently selected from among hydrogen, halogen atoms and hydrocarbon groups of 
1 -6 carbon atoms, and X is 




and 70-1 0 mole percent of the total consists of a repeating unit represented by the following general formula (II): 



R S R|C R I 1 R ( 4 




(II) 



Rj, Rit Ri s R». 

where R 9 -R 1S are each independently selected from among hydrogen, halogen atoms and hydrocarbon groups 
of 1 »22 carbon atoms, and Y is 
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where R 24 and R 25 are each independently selected from among hydrogen and methyl, 

and 65-1 5 mole percent of the total consists of a repeating unit represented by ihefollowing general formula (IV): 




(IV) 



where R 26 and R 27 are each independently selected from among hydrogen and methyl, 
and Z is selected from among 



CH, 




CH, CH, 

or 



CH, 
I 




12. A retardation film according to claim 7, which is a blended oriented polymer film in which said polymer with positive 
refractive index anisotropy is poly(2,6-dimethyl-1 ,4-phenyleneoxide) and said polymer with negative refractive in- 
dex anisotropy is polystyrene, 

wherein the polystyrene content is from 67 wt% to 75 wt%. 

13. A retardation film according to any of claims 1-3, 

wherein the b* value representing the object color is 1 .3 or smaller. 

14. A retardation film according to any of claims 1 -3, which is a A/4 piate. 

15. A retardation film according to any of claims 1 -3, which is a piate. 

16. A retardation film according to claim 14 or 15, 

wherein R(550) > 90 nm. 
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17. A laminated retardation film prepared by laminating a 1/4 plate and a 7J2 plate, wherein both the A/4 plate and 1/ 
2 plate are a retardation film according to any of claims 1 -3. 

18. A laminated retardation fiim according to claim 1 7, wherein the angle formed between the optical axes of X/4 plate 
and 1/2 piate is in the range of 50°-70°. 

19. A circular polarizing plate or elliptical polarizing plate prepared by laminating a polarizing plate with a retardation 
film according to any of claims 1 -3. 

20. A circular polarizing plate or elliptical polarizing piate prepared by laminating a reflective polarizing plate with a 
retardation film according to any of claims 1 -3. 

21 . A circular polarizing plate or elliptical polarizing plate prepared by laminating a polarizing plate with a retardation 
film according to any of claims 1 -3 and a reflective polarizing plate. 

22. A circular polarizing plate or elliptical polarizing plate according to claim 20 or 21 , wherein said reflective polarizing 
piate has a function of reflecting only circularly polarized light rotated in one direction. 

23. A circular polarizing plate or elliptical polarizing plate according to claim 22, wherein said reflective polarizing plate 
is composed of a cholesteric liquid crystal polymer. 

24. A liquid crystal display device provided with a retardation film according to any of claims 1-3. 

25. A liquid crystal display device according to claim 24, which is a reflective liquid crystal display device. 

26. A liquid crystal display device according to claim 24, wherein said retardation film is a viewing angle compensating 

27. A retardation film according to any of claims 1 -3 wherein R(550) is at least 50 nm. 

28. A reflective liquid crystal display device provided with a polarizing plate, a 1/4 plate which is a retardation film of 
any of claims 1-3, a transparent electrode-mounted substrate, a liquid crystal layer, and a scattering reflection 
electrode-mounted substrate in that order, wherein R(550) is 100-180 nm. 

29. The use of a film of any of claims 1 -1 6 or 27 as a single retardation film having R(450)/R(550) < 1 and K(4S0)/K 
(550) <1. 



Patentanspriiche 

1. Retardationsfolie, umfassend eine einzelne orientierte Polymerfolie, dadurch gekennzeichnet, dass die Retar- 
dation bei Wellenlangen von 450 nm und 550 nm die folgende/n Formel/n (1) und/oder (2) erfullt und dass die 
Wasseraufnahme nicht grolBer ist afs 1 %: 



R(450)/R(550) < 1 (1) 



K(450)/K{550) < 1 (2) 

worin R{450) -und R(55Q) die Retardation in der Ebene der orieritierten Polymerfolie bei Wellenlangen von 450 nm 
bzw. 550 nm reprasentieren und worin K(450) und K{550) die nach K = [n z - (n x + n y )/2] x d (worin n x , n und n z 
die dreidimensionalen Brechungsindices der orientierten Polymerfolie als die Brechungsindices in Richtung der 
x-Achse, y-Achse bzw. z-Achse reprasentieren und worin d die Dicke der Folie reprasentiert) berechneten Werte 
fur die orientierte Poiymerfolie bei einer Wellenlange von 450 nm bzw. 550 nm sind, 
vorausgesetzt, dass die Retardationsfolie keine gereckte Polycarbonat-Retardationsfolie ist, mit 

(i) dem Polycarbonat bestehend zu 70 mol-% aus der Struktureinheit der Forme! FL: 
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<FL) 



und 30 mol-% aus der Struktureinheit der Formel 



ME: 




0 (me); 



ii) einem viskositatsmittleren Molekulargewicht von 35 000 (berechnet durch Einsetzen der Grenzviskosital, 
gemessen mit einer Methylenchlorid-Losung, in der Mark-Houwink-Sakurada-Forme!); 

iii) einer Foiiendicke von 99 urn; 

iv) einer Glasubergangstemperatur (Tg) vor dem Recken von 235 °C (gemessen bei einer Temperaturan- 
stiegsrate von 20 °C/min mit einem Differential Scanning Calorimeter 910, Produkt der Fa. DuPont); 

v) einem Transmissionsgrad vor dem Recken von 89 % bei 500 nm (gemessen mit einem Spektrophotometer 
(UV-240), Produkt der Shimadzu Corporation); 

erhaftlich durch: 

(vi) Zugeben von 20 Gew.-Tin. des Polycarbonats zu 80 Gew.-Tin. Dichlormethan und Riihren bei Raumtem- 
peratur fOr 5 Stunden, urn eine transparente viskose Losung zu erhalten; 

(vii) GieBen der Losung auf ein Edelstahlsubstrat miltels einer Rakel; 

(viii) Erwarmen der Losung in einem Trockner bei einer Windgeschwindigkeit von 2 m/s bei 30 °C fur 10 
Minuten, bei 50 °C fur 30 Minuten und bei 130 "C fur 30 Minuten, urn eine transparente ungereckte Folie zu 
erhalten; und 

(ix) Recken der ungereckten Folie urn 10 % bei 165 °C durch ein Spannrahmenverfahren. 

Retardationsfolie nach Anspruch 1 , wobei R(550) mindestens 20 nm ist und/oder K{550) mindestens 20 nm ist. 

Retardationsfolie, umfassend eine einzelne orientierte Polymerfolie, dadurch gekennzeichnet, dass die Retar- 
dation bei Wellenlangen von 450 nm und 550 nm die folgende/n Formel/n (1) und/oder (2) erfilllt und dass die 
Wasseraufnahme nicht groBer ist als 1 %: 



ferner gekennzeichnet dadurch, dass R(550) mindestens 20 nm ist und/oder K(550) mindestens 20 nm ist; 
worin R(450) und R(S50) die Retardation in der Ebene der orientierten Polymerfolie bei Wellenlangen von 450 nm 
bzw. 550 nm reprasentieren und worin K(450) und K(550) die nach K = [n z - (n x + n y )/2] x d (worin n x , n y und n z 



R(4b0)/R(bb0) < 1 



(1) 



K(450)/K(550) < 1 
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die dreidimensionalen Brechungsindices der orientierten Polymerfolie als dis Brechungsindices in Richtung der 
x-Achse, y-Achse bzw. z-Achse reprasentieren und worin d die Dicke der Folie reprasentiert) berechneten Werte 
fur die orisntisrte Polymerfolie bei einer Wellenlange von 450 nm bzw. 550 nm sind. 

s 4. Retardationsfolie nach einem der Anspriiche 1 bis 3, wobei die Retardation bei Wellenlangen von 450 nm, 650 
nm und 650 nm die folgertden Formeln (3) und (4) erfullt: 



0,6 < R(450)/R(550) < 0,97 (3) 

10 

1 ,01 < R(650)/R(550) < 1 ,4 (4) 

worin R(650) die Retardation in der Ebene der orientierten Polymerfolie bei einer Wellenlange von 650 nm repra- 
is sentrert. 

5. Retardationsfolie nach einem der Anspriiche 1 bis 4, wobei die Retardation kleiner ist bei einer kiirzeren Wellen- 
lange im Wellenlangenbereich von 400-700 nm. 

so 6. Retardationsfolie nach einem der Anspruche 1 bis 3, welche eine orientierte Polymerfolie umfasst, 

(1) die Folie aus einem Polymer gebildet ist, umfassend eine Monomereinheit eines Polymers mit einer posi- 
tiven Anisotropie des Brechungsindex (im Folgenden als "erste Monomereinheit" bezeichnet) und eine Mo- 

25 nomereinheit eines Polymers mit einer negativen Anisotropie des Brechungsindex (im Folgenden als "zweite 

Monomereinheit" bezeichnet), 

(2) R(450)/R(550) f£ir das Polymer, welches auf der ersten Monomereinheit basiert, kleiner ist als R(450)/R 
(550) fur das Polymer, welches auf der zweiten Monomereinheit basiert, und 

30 

(3) die Folie eine positive Anisotropie des Brechungsindex aufweist. 

7. Retardationsfolie nach einem der Anspruche 1 bis 3, welche eine orientierte Polymerfolie umfasst, 
worin: 

35 

(1) die Folie aus einem Polymer gebildet ist, umfassend eine Monomereinheit, welche ein Polymer mit positiver 
Anisotropie des Brechungsindex bildet (im Folgenden als "erste Monomereinheit" bezeichnet), und eine Mo- 
nomereinheit, welche ein Polymer mit negativer Anisotropie des Brechungsindex bildet (im Folgenden als 
"zweite Monomereinheit" bezeichnet), 

40 

(2) R(450)/R(550) fur das Polymer, welches auf der ersten Monomereinheit basiert, gr63er ist als R(450)/R 
(550) fur das Polymer, welches auf der zweiten Monomereinheit basiert, und 

(3) die Folie eine negative Anisotropie des Brechungsindex aufweist. 

8. Retardationsfolie nach einem der Anspruche 1 bis 3, wobei die orientierte Polymerfolie aus einem Polymermaterial 
mit einer Glasubergangstemperatur von 1 20 °C oder holier gebildet ist. 

9. Retardationsfolie nach einem der Anspruche 1 bis 3, wobei die orientierte Polymerfolie ein Polycarbonat mit einem 
so Fluoren-Skelett enthalt. 

10. Retardationsfolie nach einem der Anspruche 1 bis 3, welche eine orientierte Polymerfolie ist, umfassend ein Co- 
polymer und/oder ein Blend von Polycarbonaten, worin 30-90 mol-% des Gesamten aus einer Struktureinheit 
bestehen, welche durch diefolgende allgemeine Formel (I) reprasentiert wird: 



40 
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— C— 0— R*,— 0— C 

II I 

0 0 



Oder -R 2 3", 

wobei in Y R 17 bis R 19 , R 21 und R 22 unabhangig voneinander ausgewahlt sind aus Wasserstoff, Halogenatomen 
und Kohlenwasserstoff-Gruppen mit 1 bis 22 Kohlenstoffatomen, wobei R 20 und R 23 ausgewahlt sind aus Kohlen- 
wasserstoff-Gruppen mit 1 bis 20 Kohlenstoffatomen und wobei Ar ausgewahlt ist aus Arylgruppen mit 6 bis 10 
Kohlenstoffatomen. 

Retardationsfolie nach Anspruch 10, welchG eine orientierte Polymerfolie ist, umfassend ein Copolymer und/oder 
ein Blend von Poiycarbonaten, 

worin 35-85 mo!-% des Gesamten aus einer Struktureinheit bestehen, welche dutch die folgende allgemeine For- 
mel (lil) reprasentiert wird: 




(III) 



worin R 24 bis R2 5 unabhangig voneinander ausgewahlt sind aus Wasserstoff und Methyl, 

und worin 65-1 5 mol-% des Gesamten aus einer Struktureinheit bestehen, welche durch die folgende allgemeine 

Formel (IV) reprasentiert wird: 




EP 1 045 261 B1 




(IV) 



worin B 26 und unabhangig voneinander ausgewahlt sind aus WassGrstoff und Methyl, 
und worin Z ausgewahlt ist aus 



CH, 




CH: 

\ 




12. Retardationsfolie nach Anspruch 7, welche eine orientierte Blend-Polyrnerfolie ist, worin das Polymer mit positiver 
Anisotropie des Brechungsindex Poly-(2 I 6-dimethyl-1,4-phenylenoxid) ist und worin das Polymer mit negativer 
Anisotropie des Brechungsindex Polystyroi ist, wobei der Polystyrolgehalt im Bereich von 67 Gew.-% bis 75 Gew.- 
% liegt. 

13. Retardationsfolie nach einem der Ansprilche 1 bis 3, wobei der b*-Wert, welcher die Objektfarbe reprasentiert, 
1 ,3 oder kleiner ist. 

14. Retardationsfolie nach einem der Anspruche 1 bis 3, welche eine A/4-Platte ist. 

15. Retardationsfolie nach einem der Anspruche 1 bis 3, welche eine X/2-Platte ist. 

16. Retardationsfolie nach Anspruch 14 oder 1-5, wobei R(55Q) > 90 nm ist. 

17. Laminierte Retardationsfolie, hergestellt durch Laminieren einer A/4-Platte und einer A/2-Platte, wobei sowoh! die 
W4-Platte als auch die V2-Platte Retardationsfolien nach einem der Anspruche 1 bis 3 sind. 

18. Laminierte Retardationsfolie nach Anspruch 1 7, wobei der zwischen den optischen Achsen der X/4-Platte und der 
W2-Platte gebiidete Winke! im Bereich von 50° bis 70° angesiedelt ist. 
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19. Zirkular polarisierende Platte oder elliptisch polarisierende Platte, hergestellt durch Laminieren einer Polarisati- 
onsplatte mit einer Retardationsfolie nach einem der Anspruche 1 bis 3. 

20. Zirkular polarisierende Platte oder elliptisch polarisierende Platte, hergestellt durch Laminieren einer reflektiven 
Polarisationsplatte mit einer Retardationsfolie nach einem der Anspruche 1 bis 3. 

21. Zirkular polarisierende Platte oder elliptisch polarisierende Platte, hergestellt durch Laminieren einer Polarisati- 
onsplatte mit einer Retardationsfolie nach einem der Anspruche 1 bis 3 und einer reflektiven Polarisationsplatte. 

22. Zirkular polarisierende Platte oder elliptisch polarisierende Platte nach Anspruch 20 oder 21 , wobei die reflektive 
Polarisationsplatte die Funktion ausubt, nur in einer Richtung drehendes zirkular polarisiertes Licht zu reflektieren. 

23. Zirkular polarisierende Platte oder elliptisch polarisierende Platte nach Anspruch 22, wobei die reflektive Polari- 
sationsplatte von einem cholesterischen Fiussigkristallpolymer gebildet ist. 

24. Flussigkristallanzeigeeinheit, welche eine Retardationsfolie nach einem der Anspruche 1 bis 3 umfasst. 

25. Flussigkristallanzeigeeinheit nach Anspruch 24, welche eine reflektive Flussigkristallanzeigeeinheit ist. 

26. Flussigkristallanzeigeeinheit nach Anspruch 24, wobei die Retardationsfolie eine Blickwinkelkompensationsplatte 
ist. 

27. Retardationsfolie nach einem der Anspruche 1 bis 3, worin R(550) mindestens 50 nm ist. 

28. Reflektive Flussigkristallanzeigeeinheit, umfassend - in dieser Reihenfolge- eine Polarisationsplatte, eineX/4-PIat- 
te, welche eine Retardationsfolie nach einem der Anspruche 1 bis 3 ist, ein Substrat mit einer transparenten Elek- 
trode, eine Flussigkristallschichtund ein Substrat mit einer Streureflexionselektrode, wobei R(550) 1 00-1 80 nm ist. 

29. Verwendung einer Folie nach einem der Anspruche 1 bis 1 6 oder 27 als eine einzelne Retardationsfolie mit R(450) 
/R(550) < 1 und K(450)/K{550) < 1. 



Revendications 

1. Film de retardation constitue d'un film de polymere orients unique, caractcrisc en ce que la retardation a des 
longueurs d'onde de 450 nm et 550 nm repond auxformules suivantes (1) et/ou (2), et I'absorption en eau n'est 
pas superieure a 1 % : 

R(450)/R(550) < 1 (1) 



K(450)/K(550) < 1 (2) 

ou R(450) et R(550) represented la retardation dans un plan du film de polymere oriente a des longueurs d'onde 
de 450 nm et 550 nm, respectivement, et K(450) et K(550) sont les valeurs calculees par K = [n z - (n x + n y )/2] x d 
(ou n x , n y et n z represented les indices de refraction tridimensionnels du film de polymere oriente comme indices 
de refraction en direction de i'axe des x, I'axe des y et I'axe des z, respectivement, et d represente I'epaisseur du 
film) pour le film de polymere oriente a une longueur d'onde de 450 nm et 550 nm, respectivement, 
a condition que le film de retardation ne soit pas un film de retardation de polycarbonate etire dans lequel : 

(i) ledit polycarbonate est constitue de 70 % en moles de I'unite recurrente de formule FL : 
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(FL) 

et 30 % en moles de I'unite recurrente de formule ME : 




(ME); 

(ii) ayant une masse molecutaire moyenne en viscosite de 35 000 (calculee en soumettant fa viscosite intrin- 
seque mesuree avec une solution de chlorure de methylene dans la formule de Mark-Houwink-Sakurada) ; 

(iii) ayant une epaisseur de film de 99 u,m ; 

(iv) ayant une temperature de transition vitreuse (Tg) avant etirage de 235 °C (mesuree a un taux d'augmen- 
tation de temperature de 20 °C/min en utilisant un calorimetre a balayage differentiel 91 Ofabrique par DuPont) ; 

(v) ayant unfacteurde transmission avant etirage de89 % a500 nm (mesur^en utilisant un spectrophotometre 
(UV-240) fabrique par Shimadzu Corporation) ; 

susceptible d'etre obtenu : 

(vi) en ajoutant 20 parties en poids dudit polycarbonate a 80 parties en pords de dichloromethane et en agitant 
a temperature ambiante pendant 5 heures pour obtenir une solution visqueuse transparent^ ; 

(vii) en coulant ladite solution sur un substrat d'acier inoxydable en utilisant une lame doctor; 

(viii) en chauffant ladite solution dans un sechoir a une vitesse de soufflage de 2 m/s a 30 °C pendant 10 
minutes, a50 °C pendant 30 minutes eta 130°C pendant 30 minutes pourobtenir un film non etire transparent ; 
et 

(ix) en etirant ledit film non etire de 1 0 % a 1 65 °C par un procede d'etirage. 

Film de retardation selon la revendication 1 , dans lequel R(550) est au moins 20 nm et/ou K(550) est au moins 
20 nm. 

Film de retardation constitue d'un film de polymere oriente unique, caracterise en ce que la retardation a des 
longueurs d'onde de 450 nm et 550 nm repond aux formules suivantes (1) et/ou (2), et i'absorption en eau n'est 
pas superieure a 1 %; 

R(450)/R(550) < 1 (1) 



K(450)/K(550) < 1 (2) 
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caracterise en outre en ce que R(550) est au moins 20 nm et/ou K(550) est au moins 20 nm ; 
oil R(450) et R(550) representent la retardation dans un plan du film de polymere oriente a des longueurs d'onde 
de 450 nm et 550 nm, respectivement, et K(450) et K(550) sont les valeurs calculees par K = [n z - (n x + n y )/2] x d 
(ou n x , n y et n z representent les indices cle refraction tridimensionnels du film de polymere oriente comme indices 
de refraction en direction de I'axe des x, I'axe des y et I'axe des z, respectivement, et d represente I'epaisseur du 
film) pour ie film de polymere oriente a une longueur d'onde de 450 nin et550 nm, respectivement, 

4. Film de retardation selon I'une quelconque des revendications 1 - 3, dans lequel la retardation aux longueurs 
d'onde de 450 nm, 550 nm et 650 nm repond aux formules suivantes (3) et (4) : 

0,6 < R(450)/R(550) < 0,97 (3) 



15 1 ,01 < R(650)/R(550) < 1 ,4 (4) 

oil R(B50) represente la retardation dans un plan du film de polymere oriente a une longueur d'onde de 650 nm. 

5. Film de retardation selon I'une quelconque des revendications 1 - 4, dans fequel la retardation est plus faible avec 
20 une longueur d'onde plus courts dans la plage de longueurs d'onde de 400 - 700 nm. 

6. Film de retardation selon I'une quelconque des revendications 1 - 3, qui comprend un film de polymere oriente 
dans lequel 

25 (1) le film est compose d'un polymere comprenant une unite monomere d'un polymere avec une anisotropie 

d'indice de refraction positive (appelee ci-dessous "premiere unite monomere") et une unite monomere d'un 
polymere avec une anisotropie d'indice de refraction negative (appelee ci-dessous "seconde unite monome- 
re"), 

(2) R(450)/R(550) pour le polymere a base de ladite premiere unite monomere est inferieur a R(450)/R(550) 
30 pour le polymere a base de ladite seconde unite monomere, et 

(3) lefilm a une anisotropie d'indice de refraction positive. 

7. Film de retardation selon I'une quelconque des revendications 1 - 3, qui comprend un film de polymere oriente 
dans lequel 

35 

(1) le film est compose d'un polymere comprenant une unite monomere qui forme un polymere avec une 
anisotropie d'indice de refraction positive (appelee ci-dessous "premiere unite monomere") et une unite mo- 
nomere qui forme un polymere avec une anisotropie d'indice de refraction negative (appelee ci-dessous "se- 
conde unite monomere"), 

40 (2) R(450)/R(550) pourle polymere a base de ladite premiere unite monomere est superieura R{450)/R(550) 

pour le polymere a base de ladite seconde unite monomere, et 
(3) lefilm a une anisotropie d'indice de refraction negative. 

8. Film de retardation selon I'une quelconque des revendications 1 - 3, dans lequel leditfilm de polymere oriente est 
45 constitue d'un materiau polymere avec une temperature de transition vitreuse de 120 6 C ou plus, 

9. Film de retardation selon I'une quelconque des revendications 1 - 3, dans lequel ledit film de polymere oriente 
contient un polycarbonate avec un squelette fluorene. 



so 10. Film de retardation selon I'unequelconquedes revendications 1 -3, qui est un film de polymere oriente comprenant 
u n copoly mere et/ou un melange de po lycarbonates dans leq uel 30 - 90 pou r-cent en m oles du total co nsiste en 
une unite recurrente representee par la formule generate suivante (I) : 
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-C-O— R 20 -O— C~ 



-Si— 
I 

R 2 2 



et-R 23 -, 

ou R 17 - R 19 , R 21 et R 22 dans Y sont chacun independamment choisis parmi fhydrogene, des atomes d'halogene 
et des groupes hydrocarbones de 1 -22 atomes de carbone, R 20 et R 23 sont chacun independamment choisis 
parmi dss groupes hydrocarbones del - 20 atomes de carbone, et Ar est choisi parmi des groupes aryle ayant 8 
- 1 0 atomes de carbone. 

11. Film de retardation selon la revendication 10, qui est un film de polymere oriente comprenant un copoiymere eV 
ou un melange de polycarbonates dans lequel 35 - 85 pour-cent en moles du total consists en une unite recurrente 
representee par laformule generale suivante (Hi) : 




<m) 



dans laquelle R 24 et R 25 sont chacun independamment choisis parmi i'hydrogene et le groupe methyle, et BS-15 
pour-cent en moies du total consiste en une unite recurrente representee par laformule generale suivante (IV) : 




(IV) 



dans laquelle R 26 et R 27 sont chacun independamment choisis parmi I'hydrogene et le groupe methyle, et 2 est 
choisi parmi 
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rCH 3 
CH 3 OU 




CH 3 



12. Film de retardation selon la revendication 7, qui est un film de polymGre oriente melange dans lequel ledit polymers 
avec une anisotropie d'indice de refraction positive est le polyfoxyde de 2,6-dimethyl-1 ,4-phenylene, et ledit po- 
lymere avec une anisotropie d'indice de refraction negative est ie polystyrene, dans lequel [a quantite de polysty- 
rene est de 67 % en poids a 75 % en poids. 

13. Film de retardation selon I'une quelconque des revendications 1 - 3, dans lequel la valeurb* representant la couleur 
de I'objet est 1 ,3 ou moins. 

14. Film de retardation selon I'une quelconque des revendications 1 - 3, qui est une plaque 1/4. 

15. Film de retardation selon I'une quelconque des revendications 1 - 3, qui est une plaque 7J2. 

16. Film de retardation selon la revendication 14 ou 15, dans lequel R(550) > 90 nm. 

17. Film de retardation stratifie prepare en stratifiant une plaque 1/4 et une plaque 112, dans lequel fa plaque 1/4 
comme la plaque 112 sont un film de retardation selon I'une quelconque des revendications 1-3. 

18. Film de retardation stratifie selon la revendication 1 7, dans lequel I'angle forme entre les axes optiques de la plaque 
114 et la plaque 1/2 est dans la plage de 50° - 70°. 

19. Plaque polarisante circulaire ou plaque polarisante elliptique preparee en stratifiant une plaque polarisante avec 
un film de retardation selon I'une quelconque des revendications 1 - 3. 

20. Plaque polarisante circulaire ou plaque polarisante elliptique preparee en stratifiant une plaque polarisante refle- 
chissante avec un film de retardation selon I'une quelconque des revendications 1 - 3. 

21. Plaque polarisante circulaire ou plaque polarisante elliptique preparee en stratifiant une plaque polarisante avec 
un film de retardation selon I'une quelconque des revendications 1 - 3 et une plaque polarisante reflechissante. 

22. Plaque polarisante circulaire ou plaque poiarisante elliptique selon la revendication 20 ou 21 , dans laquelle ladite 
plaque polarisante reflechissante a pour fonction de reflechirseuiement la lumiere polarisee de maniere circulaire 
tournee dans une direction. 

23. Plaque polarisante circulaire ou plaque polarisante elliptique selon la revendication 22, dans laquelle ladite plaque 
polarisante reflechissante est compose d'un polymere a cristaux liquides choiesterique. 

24. Dispositif d'affichage a cristaux liquides muni d'un film de retardation selon I'une quelconque des revendications 
1 -3. 

25. Dispositif d'affichage a cristaux liquides selo n la reven d ication 24, qu i est un dispos itif d'affichage a cristaux liquides 
reflechissant. 

26. Dispositif d'affichage a cristaux liquides selon la revendication 24, dans lequel ledit film de retardation est une 
plaque decompensation d'angie de vision. 

27. Film de retardation selon I'une quelconque des revendications 1 - 3, dans lequel R(550) est au moins 50 nm. 
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28. Dispositif d'affichage a cristaux fiquides reflechissant muni d'une plaque polarisante, d'unG plaque V4- qui est un 
film de retardation selon I'une queiconque des revendications 1 - 3, d'un substrat monte sur une electrode trana- 
parente, d'une couche de cristaux liquides, etd'un substrat de reflexion dispersanie monte sur une electrode, dans 
cet ordre, dans lequel R(550) est 100- 180 nm. 

29. Utilisation d'un film selon I'une queiconque des revendications 1 - 16 ou 27commefilm de retardation uniqueayant 
R(450)/R(550) < 1 et K(450)/K(550) < 1. 
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Fig -1 




Fig. 2 
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Fig. 4 
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Fig. 5 
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Fig. 7 
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Fig. 10 
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Fig. 12 
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Fig. 15 
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